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Abstract 
 
Cooling towers are ubiquitous equipment spread across a variety of sectors such as healthcare, 
hospitality, education, manufacturing, and real estate, and, if operated efficiently, perform the 
indispensable function of process heat removal through water evaporation. Efficient operation, 
however, is not the norm resulting in enormous water waste. Typical barriers to achieving 
efficient operations include the limited availability of skilled water treatment professionals and 
lack of diligent monitoring. This project sought to validate the claims of the WCTI technology to 
address some of the significant barriers to proper cooling tower maintenance and reduction in 
water use. The WCTI technology was able to control scale and corrosion but had poor bacterial 
control. Therefore, no conclusions as to the benefits of operating under WCTI operating 
regimen could be made. 
 
 
 
 
 
1 
Introduction 
 
Motivation 
Cooling towers are ubiquitous equipment spread across a variety of sectors such as healthcare, 
hospitality, education, manufacturing, and real estate, and, if operated efficiently, perform the 
indispensable function of process heat removal through water evaporation. Efficient operation, 
however, is not the norm resulting in enormous water waste. Typical barriers to achieving 
efficient operations include the limited availability of skilled water treatment professionals and 
lack of diligent monitoring.  
 
Companies outsource the monitoring, maintenance, and chemical treatment to vendors. These 
programs vary in effectiveness depending on the capabilities and skills of the vendors. Those 
that are effective are also relatively expensive as they involve both a chemical and service cost. 
A vast majority of the market is, therefore, not currently properly served. 
 
Background 
Cooling towers, or evaporative condensers, provide cooled water for air-conditioning or 
refrigeration systems. The cooling occurs through evaporation, similar to how humans cool 
through the evaporation of perspiration. As water evaporates, the dissolved solids in the 
cooling tower water circulation system increase in concentration.  
 
Beyond threshold concentrations, some of the dissolved solids can adversely affect the 
equipment and cooling process through corrosion or precipitation. Therefore, a portion of the 
water in the cooling tower is purged and replaced with fresh water. The purge stream is called 
blowdown, and the freshwater replacement is called makeup water. Makeup water is added to 
the cooling tower to replace the equivalent quantity of evaporated and blowdown water lost.  
 
A metric termed Cycles of Concentration (COC), defined as the ratio of the concentration of 
dissolved solids in the cooling tower reservoir to that in the make-up water to the cooling 
tower, is used to control the quantity of blowdown. For example, if the calcium concentration 
in the cooling tower reservoir is 45 mg/L and that in the makeup water is 15 mg/L calcium then 
the COC for calcium is 3. The quality of makeup water determines the range of COC within 
which a cooling tower can operate. Water of high alkalinity, hardness, and conductivity can 
operate between 1.5-2.5 COC. Water of low alkalinity, hardness, and conductivity water can 
operate at higher COC (typically 4-6 COC). Operating at a higher COC reduces the quantity of 
blowdown resulting in reduced water consumption.  
 
There are many ways to increase the COC. These include removal of hardness causing salts such 
as calcium and magnesium through softening or reverse osmosis; lowered pH to enhance 
solubility of salts such as calcium carbonate; and using chelants to keep salts from precipitating. 
These measures typically require diligent monitoring, skilled operation, and use of expensive 
chemicals. In addition to scale prevention, corrosion prevention and biological control to 
prevent growth of dangerous bacteria such as Legionella require the use of additional chemicals 
and biocides. The latter in particular is a cause for public health concern due to the potential for 
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development of resistant strains. 
 
WCTI Technology 
The Water Conservation Technology International (WCTI) company technology claims to 
address many of the above concerns. Their technology aims to:  
• minimize the use of hazardous chemicals such as biocides and azoles; 
• minimize the amount of water required to accomplish a unit of cooling; and 
• require no skilled professionals to monitor the cooling tower operation. 
 
WCTI achieves these aims by allowing the cooling tower COC to increase to as high as 100 
through adopting the following operating regimen: 
• Removal of scale forming ions through high efficiency softening 
• Prevention of corrosion through addition to and accumulation of silicates in the cooling 
tower sump 
• Prevention of biological growth by operating at a basic pH and high TDS 
 
The WCTI technology could be scalable and transferable across a wide variety of sectors and 
applicable to small, medium, and larger enterprises. If validated, the technology has the 
potential to change the landscape of water use in a number of sectors using cooling towers. 
 
Project Goals 
This project sought to validate the claims of the WCTI technology to addresses some of the 
significant barriers to proper cooling tower maintenance and reduction in water use. 
Specifically, the WCTI technology was implemented at four different locations and the following 
parameters were tested: 
• Validate the cooling tower performance when operated under zero blowdown 
conditions using highly softened, silica enriched make-up water with respect to water 
savings and corrosion, biological growth, and mineral scaling reduction. 
• Determine economic applicability as influenced by water quality, water costs, and 
maintenance practices.  
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Methods 
 
Locations 
The Institutional Water Treatment (IWT) program at the Illinois State Water Survey (now at 
ISTC) currently services, tests, and recommends water treatment for 105 cooling towers and 
evaporative condensers (referred to as towers) at 54 state facilities in 34 different cities in 
Illinois. The 105 towers operate between 1.5-7.0 COC depending on water quality. Of those, 26 
operate at between 1.5-3.5 COC and would be the best candidates for testing the WCTI 
technology. 
 
One tower from the IWT program was identified to transition to the WCTI. Three towers 
already operating with WCTI technology were monitored as well. The four cooling towers 
located at three different facilities are: 
• Champaign Regional Office Building (ROB) 
• Chicago Data Center (CDC) Chicago 
• Minooka G1  
• Minooka G2 
 
Champaign Regional Office Building (ROB) 
ROB is located on the campus of the University of Illinois at Urbana-Champaign and was chosen 
as a test site for reasons of proximity, access, and support from the building supervisor. ROB 
has a 340-ton tower manufactured by Baltimore Aircoil and installed in 1967. The tower 
services a 206-ton absorber chiller and is used for comfort cooling annually from April through 
October. (For the purpose of this paper, ton refers to a 12,000 BTU/h.) 
 
The tower was previously operated with no chemical additions and continual blowdown (100% 
blowdown). Data collected from July through October 2014 represents this operation. In 2015, 
from April to October, the tower was operated using the WCTI technology, which consisted of 
soft water makeup and the addition of silica, tolytriazole, and biocide. 
 
Chicago Data Center (CDC) Chicago 
The CDC cooling tower has been operating under WCTI control since July 2012. 
The tower operates year around and has a capacity of 2600 tons. 
 
Minooka G1 and G2 
This location has two cooling towers. The G1 has been operating under WCTI control since 
September 2013 and has a capacity of 750 tons. The G2 has been operating under WCTI control 
since October 2013 and has a capacity of 425 tons. The towers operate year around, unless the 
weather gets very cold and then the towers are drained. 
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Water Sample Testing 
 
Monthly Testing All Locations 
A full analysis of the system water including cold distribution, soft water/makeup water, and 
cooling tower water was conducted each month. Testing parameters included alkalinity, 
chloride, hardness (total, calcium and magnesium), silica, nitrate, ammonia, pH, Conductivity, 
TDS, all metals (iron, copper, zinc, etc…), suspended solids, and turbidity. Table 1 shows the 
WCTI operational targets. 
 
Monthly Biological Testing at all Locations 
 
ATP 
Adenosine Tri Phosphate (ATP) is composed of adenosine and three phosphate groups and 
releases energy when hydrolyzed to ADP. It is present in all cells, where it is used to store and 
transport energy needed for biochemical reactions. This is a general measure of total biological 
activity (bacteria, fungi and algae) which is measured in Relative Light Units (RLU). 
 
Total ATP Aquasnap, which included ATP from living and dead cells, was measured using 
Aquasnap. Free ATP, which was from dead cells, was also measured using Aquasnap. By 
subtraction, living cells were calculated. Ultrasnap was also used to measure total ATP but was 
not as accurate as the Aquasnap Total ATP test. The Ultrasnap has a swab tip, which collects 
various amounts of sample, typically gives a lower reading than the Aquasnap, which has a 
honeycomb tip. The honeycomb tip results in more accurate and precise testing. While the total 
ATP is important, it is obviously better to have a higher percentage of dead cells as shown by 
Free ATP. 
 
The following guidelines were used as indicated in Table 2. All the ATP tests were performed 
using the AMSA meter, which was more sensitive and gave higher readings than the new 
Hygenia meter. Because many of the Champaign ROB readings were with the new Hygenia 
meter, the living ATP values were converted to Hygenia equivalents for use in the graphs. 
 
Aerobic Bacteria & Legionella 
Aerobic bacteria measures bacteria that consume oxygen. Because the cooling tower is an open 
system, this is expected to be the predominate type of bacteria. This only measures planktonic 
free-floating bacteria not bacteria that may be present in a slime layer. 
 
Some bacteria are slower growing than others so the ISWS media is examined after 2-5 days as 
well as 10-15 days. Phigenics also includes an aerobic bacteria test (6-8 days) with the PVI 
Legionella testing. Table 3 shows the guidelines used in this study.  
 
Weekday Testing Champaign ROB 
Daily and weekly testing of the Champaign ROB tower in 2015 started once the WCTI softeners 
were installed. Cold distribution, primary softener, polishing softener, makeup water, and 
cooling tower water were tested every day during the workweek for hardness, conductivity, 
5 
and pH. Those same waters were tested for silica and tolytriazole once a week. 
 
Deposit Testing 
Deposits at Champaign ROB were collected after the 2014 and 2015 season and tested for all 
metals. No other locations were tested. 
 
Corrosion Testing 
 
All towers 
Corrator probe testing was performed on the Champaign ROB tower when using WCTI 
technology as well as on the Chicago Data Center and Minooka G1 and G2 towers. The probe 
calculates an instant corrosion rate of the water tested. Corrosions rates were measured for 
stainless steel, mild steel, copper, and aluminum. 
 
Champaign ROB 
Corrosion coupons are the preferred method to determine corrosion rates. Typically, they are 
installed for 60, 90, or 120 days. A corrosion coupon rack was installed at Champaign ROB in 
four locations within the cooling tower system. Each rack held one coupon that consisted of 
either mild steel or copper coupons, totaling two of each metal. 
 
 
 
Table 1: WCTI Targets for Cooling Tower and Softener. 
Parameter Tested Targets 
pH 9.7-10.0 
TDS >10,000 mg/L 
Hardness <30 mg/L 
Hardness (Softener) <0.5 mg/L 
COC >20 
Bacteria <1000 CFU/mL 
Silica 200-400 mg/L 
Tolytriazole 10-20 ppm 
 
 
 
Table 2: ATP Planktonic Guidelines. 
ISWS Guidelines 
(Relative Light Units) 
Excellent Control Good Control Poor Control Extremely Poor 
Control 
Old AMSA Meter 0-299 RLU 300-999 RLU 1000-9999 RLU ≥10,000 RLU 
New Hygiena Meter 0-29 RLU 30-74 RLU 75-150 RLU ≥150 RLU 
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Table 3: Aerobic Bacteria Guidelines for Dip Slides. 
ISWS 
Guidelines 
Excellent Control Good Control Fair Control Poor Control Extremely  
Poor Control 
Colonies  
per mL  
0- 
9,999 CFU/mL 
10,000- 
49,999 CFU/mL 
50,000- 
99,999 CFU/mL 
100,000- 
999,999 CFU/mL 
≥1,000,000 
CFU/mL 
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Results and Conclusions 
 
A case study of the Champaign ROB location is provided. For additional results from the 
Champaign ROB tower and detailed results for the towers at the other locations, see 
Appendices A-D. 
 
Case Study of Champaign Regional Office Building (ROB) 
 
Benchmarking – Pre-WCTI Operation 
 
COC 
Prior to the start of this project, the previous practice was to add no chemicals and to 
constantly blowdown the tower (100% blowdown). Data was gathered during the period of July 
to October 2014 to benchmark the operation.  
 
Figure 1 depicts COC measured using varying analytical parameters at the ROB. The value 
labeled average COC is measured using the average of the COCs for chloride, M-alkalinity, 
magnesium hardness, sodium, potassium, boron, strontium, barium, silica, total dissolved 
solids, and conductivity. The individual values were averaged after eliminating the highest and 
lowest values. 
 
The noteworthy features of Figure 1 include a calcium COC consistently lower than the 
magnesium COC, and a copper COC and a zinc COC higher than the average COC. The former 
indicates deposition of calcium in the cooling tower sump. The latter indicates the occurrence 
of corrosion. The calcium deposition and corrosion can occur even under continuous blowdown 
conditions.  
 
Corrosion 
An analysis of the deposit collected on April 8, 2015, prior to start of the WCTI regimen 
indicated a scale made up of 48.5% calcium, 27.1% iron, 6.8% zinc, and 6.8% magnesium. 
Chromium and aluminum were also present at concentrations between 0.9 and 2%. The 
calcium levels suggest significant scaling, and the presence of iron indicates severe corrosion.  
 
Biological 
Biological analysis suggested good control on all sampling dates except for October 17, 2014. In 
addition, Legionella was present in one sample collected August 19, 2014. 
 
Water Use 
Water usage at the ROB tower fluctuated as shown in Figure 2. The water usage at the tower 
initially increased and then tapered off as the cooling season ended. It ranged from a low of 2.1 
gpm to a high of 5.4 gpm. Water costs for the test period were calculated as $8,355 after 
accounting for a water charge of $5.60 per 1000 gallons and a sewer charge of $3.42/1000 
gallons and a consumption of 926,250 gallons. 
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Figure 1: Cycles of Concentration at Champaign Regional Office Building Tower July - October 
2014. 
 
 
 
Figure 2: Water usage calculated at mid-period of data collection. 
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Tower Performance with WCTI Protocol 
 
COC 
The ROB tower was operated with soft water using the WCTI protocol starting on May 21, 2015. 
Samples of softened water showed consistent removal of hardness (target <0.5 mg/L as CaCO3) 
from the raw supply water throughout the operational period except for one sample (0.52 mg/L 
as CaCO3). Silica, tolytriazole, and biocide were added as needed to the make-up water.  
 
The system did not cycle up (Figure 3) as quickly as expected due to a float malfunction that 
allowed 1-4 gpm of water to be purged. The float was adjusted to drain 1 gpm but continued 
malfunctioning and was replaced on October 1, 2015.  
 
The problem with the tower float led to several control parameters being outside the 
recommended range of the WCTI protocol. For example, the target COC for the WCTI protocol is 
20. The problem with overflow due to malfunctioning float resulted in the COC being below 20 
for 70% of the operational period. The level of silica - used to inhibit steel corrosion - in the 
tower was within the recommended range of 200-400 mg/L for only 42% of the operating 
period. The levels of tolytriazole – used to inhibit copper corrosion in the tower – were below 
recommended levels of 10-20 ppm 92% of the time. The pH of the makeup water ranged from 
8.22 to 9.22 and was less than the target of 9.7-10.0 for 70% of the time. 
 
Figure 4 shows a comparison of COC calculated using various parameters. The curve labeled 
average COC is derived from the calculated COC of soluble elements (sodium, alkalinity, 
sodium, conductivity, etc.). If sparingly soluble elements such as calcium exhibited COC higher 
than average, it would signify dissolution of scales present in the tower. In Figure 4, the calcium 
COC is considerably higher than the average over the entire operating period signifying that 
scale dissolution was occurring. The magnesium COC was also consistently lower than the 
calcium COC; this is likely due to interactions with silica – see discussion on deposits later. An 
alternative explanation for the higher calcium COC may have been a higher calcium content in 
the softened water than that recorded during the sampling events. But a survey of the raw data 
revealed fairly consistent output making this a low probability explanation. 
 
Corrosion 
Observed iron corrosion is shown in Table 4. Silica levels are the primary factor in mild steel 
corrosion rates. All the excellent to very good corrosion rates had an average silica mg/L at or 
close to the recommended 200-400 mg/L. The only coupon that had average silica mg/L within 
the recommended range, but exhibited a moderate to fair corrosion rate was installed for only 
13 days. This may be reflective of the fact that active corrosion of coupons occurs during the 
initial period after installation then tapers off as protective coatings are formed. The iron levels 
were low, between 0.00-0.06 mg/L in all samples except one, which was higher at 0.25 mg/L 
corresponding to a tower COC of 57 COC. The higher level of iron is likely a result of cycling-up 
and not a corrosion product. 
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Copper corrosion was noted in coupons that were installed for 11-13 days (Table 5). Coupons 
installed for longer periods (20-49 days) showed good corrosion control. This is not unexpected 
as corrosion rates are higher during initial exposure. The level of tolytriazole, meant to inhibit 
corrosion of copper, was much below recommended levels for the vast majority of the 
operating period.  
 
 
 
 
Figure 3: COC calculated based on conductivity in ROB tower operated under WCTI protocol. 
 
 
 
 
Figure 4: COC based on various parameters; values of 1 are placeholder values for plotting 
purposes only.  
 
11 
Table 4: Iron Corrosion at ROB operating under WCTI protocol. 
Date 
Installed 
Date 
Removed 
Days 
Installed MDD1 MPY2 Notes 
April 29 May 11 12 36.57 6.68 
Observations: Lots of soft & hard orange-brown & brown deposits with some areas of tubercles. 
Conclusions: Very Poor Protection, Very High Corrosion, some Iron present (0.03 mg/L) and Silica 
much lower (Range: 13-53 mg/L, Average: 33 mg/L) than the recommended 200-400 mg/L. 
May 11 May 22 11 49.90 9.11 
Observations: Both soft & hard orange-brown deposits with some areas of tubercles. 
Conclusions: Extremely Poor Protection, Severe Corrosion, some Iron present (0.03 mg/L) and 
Silica much lower (Range: 45-46 mg/L, Average: 46 mg/L) than the recommended 200-400 mg/L. 
April 29 May 28 29 26.49 4.84 
Observations: Both soft & hard orange-brown deposits with some areas of tubercles. 
Conclusions: Poor Protection, High Corrosion, some Iron present (0.03 mg/L) and Silica much 
lower (Range: 13-161 mg/L, Average: 64 mg/L) than the recommended 200-400 mg/L. 
May 22 June 4 13 11.11 2.03 
Observations: Some soft & hard orange-brown deposits and a few tubercles. 
Conclusions: Moderate Protection, Moderate Corrosion, some Iron present (0.04 mg/L) and 
Silica lower (Range: 46-161 mg/L, Average: 115 mg/L) than the recommended 200-400 mg/L. 
June 4 June 17 13 3.92 0.71 
Observations: Some soft orange-brown deposits and discoloration around the insert hole only. 
Conclusions: Very Good Protection, Very Low Corrosion, some Iron present (0.04 mg/L) and 
Silica slightly lower to within (Range: 137-250 mg/L, Average: 182 mg/L) the recommended 200-
400 mg/L. 
May 28 June 26 29 2.85 0.52 
Observations: An orange-brown tubercle 7-8mm in diameter. 
Conclusions: Very Good Protection, Low Corrosion, some Iron present (0.04 mg/L) and Silica 
slightly lower to within (Range: 137-271 mg/L, Average: 195 mg/L) the recommended 200-400 
mg/L. 
June 17 June 30 13 2.72 0.50 
Observations: Slight orange-brown discoloration around the insert hole only. 
Conclusions: Very Good Protection, Very Low Corrosion, some Iron present (0.00-0.04 mg/L) and 
Silica within (Range: 222-271 mg/L, Average: 248 mg/L) the recommended 200-400 mg/L. 
June 26 July 9 13 12.56 2.29 
Observations: Some soft, mostly hard orange, brown and black deposits, some small tubercles 
of similar colors. 
Conclusions: Moderate Protection, Moderate Corrosion, no Iron present (0.00 mg/L) and Silica 
within (Range: 222-271 mg/L, Average: 246 mg/L) the recommended 200-400 mg/L but 
conductivity and COC was low for most of the time. 
July 9 Aug 7 29 2.77 0.51 
Observations: Slight brown discoloration around insert hole & a small area on the end of the 
insert only; a bit of soft brown deposit on the same small area at the end of the insert. 
Conclusions: Very Good Protection, Low Corrosion, some Iron present (0.00-0.25 mg/L) and 
Silica within (Range: 246-285 mg/L, Average: 267 mg/L) the recommended 200-400 mg/L. 
June 30 Aug 11 42 1.86 0.34 
Observations: A few hard brown deposits & a 1 mm tubercle on the front; some yellow & brown 
hard tubercles/deposits on the back. 
Conclusions: Excellent Protection, Extremely Low Corrosion, some Iron present (0.00-0.25 mg/L) 
and Silica within (Range: 222-329 mg/L, Average: 270 mg/L) the recommended 200-400 mg/L. 
Aug 7 Aug 20 13 3.63 0.66 
Observations: Slight light brown discoloration around insert hole only. 
Conclusions: Very Good Protection, Low Corrosion, some Iron present (0.25 mg/L) and Silica 
within (Range: 208-329 mg/L, Average: 261 mg/L) the recommended 200-400 mg/L. 
Aug 11 Sept 22 42 12.99 2.37 
Observations: Lots of soft & hard orange, brown & black deposits; many large orange & brown 
tubercles. 
Conclusions: Moderate Protection, Moderate Corrosion, some Iron present (0.00-0.25 mg/L) and 
Silica much lower to within (Range: 41-329 mg/L, Average: 167 mg/L) the recommended 200-
400 mg/L. 
Aug 20 Oct 1 42 19.00 3.47 
Observations: Lots of soft & hard orange, brown & black deposits; many large orange & brown 
tubercles. 
Conclusions: Poor Protection, High Corrosion, some Iron present (0.00-0.06 mg/L) and Silica 
much lower to within (Range: 41-208 mg/L, Average: 127 mg/L) the recommended 200-400 
mg/L. 
Sept 22 Oct 21 29 7.53 1.37 
Observations: Some orange-brown soft & hard deposits; some small orange-brown tubercles - 
all on front of insert; one small brown tubercle & slight brown discoloration on the back. 
Conclusions: Good Protection, Low Corrosion, some Iron present (0.06 mg/L) and Silica much 
lower to somewhat lower than (Range: 48-186 mg/L, Average: 127 mg/L) the recommended 
200-400 mg/L. 
Oct 1 Oct 21 20 6.42 1.17 
Observations: Some orange-brown soft & hard deposits; a few small orange-brown tubercles; 
greenish-grey discoloration of entire insert. 
Conclusions: Good Protection, Low Corrosion, some Iron present (0.06 mg/L) and Silica much 
lower to somewhat lower than (Range: 48-186 mg/L, Average: 128 mg/L) the recommended 
200-400 mg/L. 
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Table 5: Copper corrosion at ROB operating under WCTI protocol. 
Date 
Installed 
Date 
Removed 
Days 
Installed MDD1 MPY2 Notes 
April 29 May 11 12 2.56 0.41 
Observations: Slight dark discoloration. 
Conclusions: Fair Protection, Somewhat High Corrosion, somewhat high Copper present (0.21 
mg/L) and no Tolytriazole much lower (Range: 0.0-0.0 ppm, Average: 0.0 ppm) than the 
recommended 10-20 ppm. 
May 11 May 22 11 3.04 0.49 
Observations: Slight dark discoloration. 
Conclusions: Fair Protection, Somewhat High Corrosion, somewhat high Copper present (0.21 
mg/L) and Tolytriazole much lower (Range: 0.0-1.0 ppm, Average: 0.5 ppm) than the 
recommended 10-20 ppm. 
April 29 May 28 29 0.79 0.13 
Observations: Slight dark discoloration. 
Conclusions: Very Good Protection, Very Low Corrosion, somewhat high Copper present (0.13-
0.21 mg/L) and Tolytriazole much lower (Range: 0.0-1.0 ppm, Average: 0.2 ppm) than the 
recommended 10-20 ppm. 
May 22 June 4 13 2.19 0.35 
Observations: Slight dark discoloration. 
Conclusions: Moderate Protection, Slightly High Corrosion, somewhat high Copper present (0.13-
0.21 mg/L) and Tolytriazole much lower (Range: 0.0-1.0 ppm, Average: 0.3 ppm) than the 
recommended 10-20 ppm. 
June 4 June 17 13 2.26 0.36 
Observations: Slight dark discoloration. 
Conclusions: Moderate Protection, Slightly High Corrosion, somewhat high Copper present (0.13 
mg/L) and Tolytriazole much lower (Range: 0.0-2.0 ppm, Average: 0.8 ppm) than the 
recommended 10-20 ppm. 
May 28 June 26 29 1.14 0.18 
Observations: Slight dark discoloration. 
Conclusions: Very Good Protection, Very Low Corrosion, somewhat high to high Copper present 
(0.13-0.28 mg/L) and Tolytriazole much lower (Range:0.0-3.0 ppm, Average: 1.1 ppm) than the 
recommended 10-20 ppm. 
June 17 June 30 13 2.12 0.34 
Observations: Slight dark discoloration. 
Conclusions: Moderate Protection, Slightly High Corrosion, somewhat high to high Copper 
present (0.13-0.28 mg/L) and Tolytriazole much lower (Range: 2.0-5.0 ppm, Average: 3.3 ppm) 
than the recommended 10-20 ppm. 
June 26 July 9 13 2.58 0.42 
Observations: Slight dark discoloration. 
Conclusions: Fair Protection, Somewhat High Corrosion, high Copper present (0.28 mg/L) and 
Tolytriazole much lower (Range: 3.0-15.0 ppm, Average: 7.7 ppm) the recommended 10-20 ppm. 
July 9 Aug 7 29 1.19 0.19 
Observations: Slight dark discoloration. 
Conclusions: Very Good Protection, Very Low Corrosion, high to very high Copper present (0.28-
0.68 mg/L) and Tolytriazole  lower to within (Range:1.5-15.0 ppm, Average: 6.4 ppm) the 
recommended 10-20 ppm. 
July 30 Aug 11 42 0.95 0.15 
Observations: Slight dark discoloration. 
Conclusions: Very Good Protection, Very Low Corrosion, high to very high Copper present (0.28-
0.68 mg/L) and Tolytriazole  lower to within (Range:3.5-15.0 ppm, Average: 6.1 ppm) the 
recommended 10-20 ppm. 
Aug 7 Aug 20 13 3.17 0.51 
Observations: Slight dark discoloration. 
Conclusions: Poor Protection, High Corrosion, slightly high to very high Copper present (0.05-
0.68 mg/L) and Tolytriazole much lower (Range: 1.5-6.0 ppm, Average: 3.2 ppm) than the 
recommended 10-20 ppm. 
Aug 11 Sept 22 42 0.61 0.10 
Observations: Slight dark discoloration. 
Conclusions: Very Good Protection, Very Low Corrosion, low to very high Copper present (0.04-
0.68 mg/L) and Tolytriazole none to within (Range: 0.0-12.5 ppm, Average: 4.9 ppm) the 
recommended 10-20 ppm. 
Aug 20 Oct 1 42 0.52 0.08 
Observations: Slight dark discoloration. 
Conclusions: Excellent Protection, Extremely Low Corrosion, low to slightly high Copper present 
(0.04-0.05 mg/L) and Tolytriazole none to within (Range: 0.0-12.5 ppm, Average: 4.1 ppm) the 
recommended 10-20 ppm. 
Sept 22 Oct 21 29 1.12 0.18 
Observations: Slight dark discoloration. 
Conclusions: Very Good Protection, Very Low Corrosion, low Copper present (0.04 mg/L) and 
Tolytriazole much lower (Range: 0.5-6.0 ppm, Average: 2.5 ppm) than the recommended 10-20 
ppm. 
Oct 1 Oct 21 20 1.08 0.17 
Observations: Slight dark discoloration. 
Conclusions: Very Good Protection, Very Low Corrosion, low Copper present (0.04 mg/L) and 
Tolytriazole much lower (Range: 0.5-6.0 ppm, Average: 2.8 ppm) than the recommended 10-20 
ppm. 
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Analysis of deposits after the tower was shut down at the end of the 2015 season revealed that 
the scale and corrosion products were similar to those found prior to operation of the WCTI 
protocol. But, because the tower was operating at much higher Conductivity/COC, the 
concentration of minerals in the water was much higher than when it was operated under the 
continuous blowdown conditions in 2014. 
 
Tables 6 shows analysis of two deposits collected at end of season when the tower was 
operating under the WCTI protocol. Calcium was the predominant component found in 
deposits. Taken in conjunction with the observed calcium COC previously discussed and the use 
of soft water throughout 2015, it would appear that these deposits represent scale left over 
rather than new deposition. Magnesium and silica were higher probably due to precipitation of 
magnesium silicate – note that silica was added during the operation. Barium and strontium 
were also elevated relative to 2014 but not to any significant degree. Given that there was also 
presence of elevated levels of sodium and potassium, both soluble elements, it is likely that 
some of these results reflect the effect of higher mineral content under the zero blowdown 
discharge conditions and water occlusion rather than increased precipitation. 
 
Iron was somewhat high, but much reduced from 2014, which indicates a decrease in corrosion. 
Copper, zinc, and chromium were somewhat high but similar to 2014. Aluminum was 
somewhat high and was higher than in 2014. The organic material, measured by loss on 
ignition, was 22% (including biological material such as bacteria, algae, and fungi).  
 
 
 
Table 6: Composition of deposits collected from ROB tower at the end of the 2014 and 2015 
seasons. 
Component 2015a 2015b 2014c 
 mg/L % mg/L % mg/L % 
Calcium (as Ca) 67.80 56.9 30.94 41.2 71.47  48.5 
Iron (as Fe) 7.28 6.1 10.71 14.3 39.97 27.1 
Zinc (as Zn) 7.73 6.5 8.75 11.6 10.01 6.8 
Magnesium (as Mg) 16.95 14.2 8.00 10.7 9.32 6.3 
Aluminum (as Al) 2.84 2.4 4.84 6.4 1.34 0.9 
Copper (as Cu) 3.26 2.7 3.00 4.0 4.04 2.7 
Sodium (as Na) 2.54 2.1 2.68 3.6 0.29 0.2 
Phosphate (as PO4) 3.72 3.1 1.55 2.1 4.58 3.1 
Silica (as SiO2) 3.51 2.9 1.46 1.9 2.95 2.0 
Chromium (as Cr) 2.18 1.8 1.26 1.7 2.37 1.6 
Sulfate (as SO4)   0.84 1.1   
Potassium (as K) 0.39 0.3 0.36 0.5 0.19 0.1 
Barium (as Ba) 0.24 0.2 0.16 0.2 0.21 0.1 
Manganese (as Mn) 0.12 0.1 0.16 0.2 0.12 0.1 
Lead (as Pb) 0.07 0.1 0.13 0.2   
Strontium (as Sr) 0.26 0.2 0.19 0.1 0.19 0.1 
Titanium (as Ti) 0.05 <0.1 0.08 0.1 0.20 0.1 
Boron (as B) 0.14 0.1 0.06 0.1 0.04 <0.1 
Cadmium (as Cd) 0.02 <0.1 0.02 <0.1 0.20 0.1 
Cobalt (as Co)   0.02 <0.1   
a sample collected from south east corner; after tower drained 
b sample collected north west corner but water still in the bottom of basin 
c sample collection condition not recorded but likely after tower was drained 
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Biological  
A pH of 9.7 to 10.0 needs to be maintained to reduce or eliminate bacteria growth. Typically, 
pH follows conductivity/COC. While the target for COC was 20 or greater, to achieve pH 9.7 or 
higher, cycles of concentration needed to be greater than 30 COC and 50 COC was preferred. 
The pH was in the recommended level only 30% of the time (Table 7).  
 
The ATP values indicated poor to extremely poor control. The addition of biocide did not 
appear to be correlated with reduced ATP until the float was fixed in October and the tower did 
not blowdown. The ATP and bacteria levels were lower between August 5 and September 3, 
2015, probably due to the high COC. COC above 30 COC results in pH over 9.7, which is 
expected to reduce bacteria growth. 
 
Fungi was present in only 2 of the 7 samples tested for fungi. The first was on July 7, 2015; the 
sample contained 10 CFU/mL after 10-15 days incubation. The second was on September 3, 
2015; the sample contained 10 CFU/mL after 2-5 days and 100 CFU/mL was present after 10-15 
days incubation. 
 
No Legionella should be present in a tower that is under good biological control. Typically, 
Legionella is more likely to be present in a tower that is dirty or has a diverse biological 
population. Legionella was not found in any of the samples. 
 
In general, longer incubation times resulted in higher values regardless of the test. Most of the 
bacteria levels were above 100,000 CFU/mL (Table B-20). Biocide addition and high COC 
resulted in lower values of bacteria on September 3, 2015. 
 
When COC was low (<20), a few of the samples were excellent (3%) and good (10%), but 43% 
were extremely poor. When COC was high (>20), only a few samples were tested. Merely 7% of 
the samples were excellent, but only 10% were extremely poor. This indicates that the high 
conductivity/COC/pH depresses biological growth to some degree. 
 
 
 
Table 7: A progression of pH through time and status with respect to the recommended range 
of 9.7 to 10.0. 
Date 
tested in 
2015 pH Status Notes 
May 7 9.30 Below Reduction of biological growth was not expected 
June 4 9.26 Below Reduction of biological growth was not expected 
July 7 9.64 Below Reduction of biological growth was not expected 
Aug 5 9.82 In range Reduction of biological growth was expected 
Sept 3 9.37 Below Reduction of biological growth was not expected 
Oct 6 9.17 Below Reduction of biological growth was not expected 
Oct 23 9.51 Below Reduction of biological growth was not expected 
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Water Usage 
Table 8 shows that the recorded total water usage including water used for regeneration of the 
softeners varied between 0.4 and 5.4 gpm. The reason for this variation, as explained earlier, 
was due to a malfunctioning float. 
 
The lower flow observed after October 1, 2015, is indicative of the reduction in water 
consumption achievable with zero blowdown operation. Using the figures of $5.60/1,000 
gallons water charge and $3.42/1,000 gallons sewer charge or $9.02/1,000 gallons total, the 
total cost of water for 828,435 gallons was $7,472 – still lower than the 2014 season.  
 
Another way to estimate potential water conservation is to assume a constant evaporation load 
(E) and estimate blowdown (B1, B2) for the two operating regimes. 
 
𝐵𝐵1 = 𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶1 − 1 
 
𝐵𝐵2 = 𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶2 − 1 
 
 
Assuming COC of 2.38 for prior to operation under zero blowdown conditions and a minimum 
of 20 for operation under zero blowdown conditions, the blowdown will be reduced by 93%. 
We also estimate a potential savings of approximately $3,000. 
 
 
 
Table 8: Champaign ROB Tower Water Usage 2015, Zero Blowdown. 
Date Meter Reading Gallons Days GPD GPM 
4/20/2015 3,845,975     
5/1/2015 3,854,170 8,195 11 745 0.5 
5/15/2015 3,894,510 40,340 14 2,881 2.0 
6/1/2015A 3,941,030 46,520 17 2,736 1.9 
6/15/2015 4,011,070 70,040 14 5,003 3.5 
7/1/2015 4,118,170 107,100 16 6,694 4.6 
7/15/2015 4,192,760 74,590 14 5,328 3.7 
8/3/2015 4,339,400 146,640 19 7,718 5.4 
8/17/2015B 4,443,010 103,610 14 7,401 5.1 
9/1/2015 4,516,020 73,010 15 4,867 3.4 
9/15/2015 4,590,510 74,490 14 5,321 3.7 
10/1/2015C 4,655,240 64,730 16 4,046 2.8 
10/15/2015 4,669,290 14,050 14 1,004 0.7 
10/23/2015 4,674,410 5,120 8 640 0.4 
Total Gallons 828,435  
A June 12, 2015: Float adjusted to reduce 3-4 gpm overflow when off line to <1gpm when off line. 
B August 20, 2015: Observed that the tower as offline but draining and refilling. 
C October 1, 2015: Float was replaced and no flow occurred when the tower was off line. 
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Champaign ROB Summary 
While the tests carried out at Champaign ROB did not allow validation of the WCTI claims due 
to operation outside the recommended range of several parameters, they did reveal the 
potential of the technology to save water without major issues of scaling and corrosion. 
Biological control was significantly poorer and no conclusions as to the benefits of operating 
under WCTI operating regimen could be made at this time for this location. 
 
 
Results for CDC and Minooka G1 & G2 
WCTI softeners removed hardness and tower hardness was low. There was no evidence of scale 
on the heat exchange surfaces. The corrator probe showed little to no corrosion rates. 
However, like the Champaign ROB tower, the other three towers showed little to no control 
over aerobic biological growth. Again, no conclusion as to the benefit of the WCTI operating 
regimen could be made at this time. See Appendices C and D for more details. 
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Appendix A 
 
Results and discussion for Champaign ROB 2014, 100% blowdown 
 
Cold Distribution  
The cold distribution water was collected each month from July to October 2014 by the Institutional Water 
Treatment (IWT) program at the Illinois State Water Survey and was of consistent quality month to month 
(Table A-1). Sulfate was below the detection limit and all corrosion metals were low (iron, copper, zinc, etc.) in 
all samples. There was good agreement between the hardness (total and calcium) lab test and the ICP test. 
There was also good agreement with the silica lab test and ICP test. 
 
Cooling Tower  
The cooling tower water was collected each month from July to October 2014 (Table A-2). The tower was 
operating with no chemical treatment added and was blown down continuously. The following tables and 
discussion will look at specific aspects of the cooling tower water. 
 
Cycles of Concentration (COC) 
Figure A-1 indicates that conductivity and COC follow similar patterns but that the levels were low due to 
100% blowdown. 
 
Elements that are Soluble and Indicate Overall COC with TDS and Conductivity 
Table A-3 determines the average COC of each cooling tower water analysis. The highest and lowest values 
were omitted because of possible errors in sampling or analysis. The Silica lab test gave slightly higher results 
then the Silica ICP. The lab test is satisfactory at these levels. The ranges of conductivity, TDS, and COC of the 
monthly samples were from a low of 260 µS/cm, 492 mg/L, and 1.3 COC (9/22/14) to 1,029 µS/cm, 598 mg/L, 
and 3.1 COC (7/15/2015), respectively. 
 
Hardness/Calcium Scaling and COC 
Table A-4 indicates that there was good agreement between the Hardness (Total and Calcium) lab test and the 
ICP test, except the 7/15/14 Calcium lab test, which read about 2X higher than ICP (there was not enough 
sample to retest). the true value was more likely 35 mg/L, not 70 mg/L. 
 
Metals and COC 
Table A-5 indicates the possibility of metal corrosion in the tower. The metals that were 0.00 mg/L in the 
makeup water were assumed to be 0.01 mg/L to calculate COC. Due to this, the actual COC could actually be 
higher. All other metals besides the ones shown in Table A-5 were 0.00 mg/L in the cooling tower samples. 
 
If the COC was higher than the Average COC then this is an indication of corrosion taking place. 
 Iron was 0.00 mg/L in all samples which indicated minimal corrosion. 
 Copper COC was above the average in all samples, which indicated that copper corrosion may have 
been occurring. 
 Zinc COC was close to the average except for the October 17, 2014, sample where it was high (6.0 
COC). 
 Molybdenum was only high (6.0 COC) in the August 19, 2014, sample. 
 Manganese was present but below the average in the October 17, 2014, sample. 
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Table A-1: IWT, Cold Distribution/Makeup Water, Champaign ROB: July 15 to October 17, 2014. 
Date 7/15/14 8/19/14 9/22/14 10/17/14 
P-Alkalinity1 (as CaCO3) mg/L 36 0 11 16 
M-Alkalinity1 (as CaCO3) mg/L 170 160 160 164 
Chloride1,4(as Cl) mg/L 22 24 29 27 
Sulfate2,5 (as SO4) mg/L 0.0 0.0 0.0 0.0 
     
Total Hardness1(as CaCO3) mg/L 108 89 92 100 
Total Hardness2(as CaCO3) mg/L 90.99 88.34 89.71 96.90 
Calcium  Hardness1(as CaCO3) mg/L 25 26 36 29 
Calcium  Hardness2(as CaCO3) mg/L 26.49 29.11 32.41 35.20 
Magnesium Hardness2(as CaCO3) mg/L 64.50 59.23 57.30 61.70 
     
Nitrate3 (as NO3) mg/L 0.7 0.8 0.8 0.7 
Ammonia3 (as NH4) mg/L <0.1 <0.1 <0.1 <0.1 
Iron2 (as Fe) mg/L 0.00 0.00 0.00 0.00 
Copper2 (as Cu) mg/L 0.00 0.02 0.00 0.00 
Zinc2 (as Zn) mg/L 0.00 0.00 0.00 0.00 
Molybdenum2 (as Mo) mg/L 0.00 0.00 0.00 0.00 
Aluminum2 (as Al) mg/L 0.00 0.00 0.00 0.00 
Titanium2 (as Ti) mg/L 0.00 0.00 0.00 0.00 
Chromium2 (as Cr) mg/L 0.00 0.00 0.00 0.00 
Manganese2 (as Mn) mg/L 0.00 0.00 0.00 0.00 
Lithium2 (as Li) mg/L 0.00 0.00 0.00 0.00 
Sodium2 (as Na) mg/L 42.9 46.5 45.2 45.2 
Potassium2 (as K) mg/L 2.4 2.5 2.6 2.4 
Boron2 (as B) mg/L 0.39 0.41 0.45 0.39 
Strontium2 (as Sr) mg/L 0.11 0.12 0.14 0.13 
Barium2 (as Ba) mg/L 0.05 0.05 0.06 0.05 
Thallium2 (as Tl) mg/L   0.00 0.00 0.00 0.00 
     
Silica3 (as SiO2) mg/L 9 10 10 10 
Silica2 (as SiO2) mg/L 9.8 8.8 8.9 9.5 
Total Phosphate2(as PO4) mg/L 0.00 0.00 0.00 0.24 
Total Phosphate3(as PO4) mg/L 0.14 0.06 0.08 0.09 
     
pH1 9.10 9.03 8.78 8.75 
Temp°C1 21.0 22.7 21.7 21.6 
Total Dissolved Solids3 mg/L 192 203 197 203 
Conductivity1  µS/cm 354 375 369 382 
Total Suspended Solids3,6 mg/L 127 2 0 0 
Turbidity NTU 0 0 0 3 
Free Cl21 (as ppm) 2.5 1.5 1.5 1.5 
Total Cl21 (as ppm) 2.7 1.5 2.0 1.5 
1Field/Immediate Test, 2ICP, 3Lab Test, 4Chloride: Depending on the source well, values will vary which makes it difficult to use as a 
Cycles of Concentration (COC) benchmark, 5Sulfate: Values near detection limit (0.5-0.6 mg/L) which makes it difficult to use as a 
COC benchmark. 6Filter blank estimated before 8/1/2014; 8/1/2014 to present filter prewashed. 7Higher than expected but not 
enough sample to retest. 
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Table A-2: IWT, Champaign ROB, Cooling Tower Water: July 15 to October 17, 2014. 
Date 7/15/14 COC 8/19/14 COC 9/22/14 COC 10/17/148 COC 
P-Alkalinity1 (as CaCO3) mg/L 48 1.3 33 --- 14 1.3 19 1.2 
M-Alkalinity1 (as CaCO3) mg/L 470 2.8 370 2.3 220 1.4 380 2.3 
Chloride1,4(as Cl) mg/L 65 3.0 68 2.8 33 1.1 68 2.5 
Sulfate2,5 (as SO4) mg/L 2.0 --- 1.0 --- 0.0 --- 1 --- 
         
Total Hardness1(as CaCO3) mg/L 245 2.3 198 2.2 125 1.4 220 2.2 
Total Hardness2(as CaCO3) mg/L 249.55 2.7 195.71 2.2 124.98 1.0 211.07 2.2 
Calcium  Hardness1(as CaCO3) mg/L 70 2.8 55 2.1 37 1.2 55 1.9 
Calcium  Hardness2(as CaCO3) mg/L 37.10 1.4 54.25 1.9 38.10 1.2 51.74 1.5 
Magnesium Hardness2(as CaCO3) mg/L 212.45 3.3 141.46 2.4 86.88 1.5 159.33 2.6 
         
Nitrate3 (as NO3) mg/L 1.6 2.3 4.3 5.4 2.5 3.1 2.0 2.9 
Ammonia3 (as NH4) mg/L <0.1 --- <0.1 --- <0.1 --- <0.1 --- 
Iron2 (as Fe) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Copper2 (as Cu) mg/L 0.10 10.06 0.10 5.0 0.05 5.06 0.07 7.06 
Zinc2 (as Zn) mg/L 0.03 3.06 0.02 2.06 0.02 2.06 0.06 6.06 
Molybdenum2 (as Mo) mg/L 0.00 --- 0.06 6.06 0.00 --- 0.00 --- 
Aluminum2 (as Al) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Titanium2 (as Ti) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Chromium2 (as Cr) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Manganese2 (as Mn) mg/L 0.00 --- 0.00 --- 0.00 --- 0.01 1.06 
Lithium2 (as Li) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Sodium2 (as Na) mg/L 146.2 3.4 125.1 2.7 61.8 1.4 121.0 2.7 
Potassium2 (as K) mg/L 8.1 3.4 6.3 2.5 3.5 1.3 5.9 2.5 
Boron2 (as B) mg/L 1.34 3.4 0.99 2.4 0.60 1.3 1.05 2.7 
Strontium2 (as Sr) mg/L 0.34 3.1 0.32 2.7 0.22 1.6 0.38 2.9 
Barium2 (as Ba) mg/L 0.12 2.4 0.12 2.4 0.08 1.3 0.14 2.8 
Thallium2 (as Tl) mg/L 0.00 --- 0.02 2.06 0.00 --- 0.00 --- 
         
Silica3 (as SiO2) mg/L 31 3.4 27 2.7 16 1.6 26 2.6 
Silica2 (as SiO2) mg/L 28.6 2.9 22.2 2.5 12.5 1.4 21.5 2.3 
Tolytriazole ppm 0.59 --- 0.59 --- 0.0 --- 0.59 --- 
Total Phosphate2(as PO4) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Total Phosphate3(as PO4) mg/L 0.03 0.5 0.21 3.5 0.98 12.3 0.38 4.3 
         
pH1 9.05 --- 9.03 --- 8.75 --- 8.86 --- 
Temp°C1 23.7 --- 22.9 --- 22.0 --- 21.8 --- 
Total Dissolved Solids3 mg/L 598 3.1 500 1.3 260 1.3 476 2.3 
Conductivity1  µS/cm 1029 2.9 871 2.3 492 1.3 866 2.3 
Total Suspended Solids3,7 mg/L 13 1.1 4 2.0 2 --- 2 --- 
Turbidity NTU 1 --- 1 --- 1 --- 1 0.3 
1Field/Immediate Test, 2ICP, 3Lab Test, 4Chloride: Depending on the source well, values will vary which makes it difficult to use as a 
Cycles of Concentration (COC) benchmark, 5Sulfate: Values near detection limit (0.5-0.6 mg/L) which makes it difficult to use as a 
COC benchmark. 6If makeup water was 0.01 mg/L. 7Filter blank estimated before 8/1/2014; 8/1/2014 to present filter prewashed. 
8Cooling tower not circulating due to low outside temperature. 9False Positive 
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Figure A-1: Conductivity & COC of Champaign 100% Blowdown Cooling Tower from July - October 2014. 
 
 
 
 
 
Table A-3: Average COC, Champaign ROB: July 15 to October 17, 2014. 
Date 7/15/14 COC 8/19/14 COC 9/22/14 COC 10/17/149 COC 
M-Alkalinity1 (as CaCO3) mg/L 470 2.8 370 2.3 220 1.4 380 2.3 
Chloride1,4(as Cl) mg/L 65 3.0 68 2.8 33 1.1 68 2.5 
Magnesium Hardness2(as CaCO3) mg/L 212.45 3.3 141.46 2.4 86.88 1.5 159.33 2.6 
Sodium2 (as Na) mg/L 146.2 3.4 125.1 2.7 61.8 1.4 121.0 2.7 
Potassium2 (as K) mg/L 8.1 3.4 6.3 2.5 3.5 1.3 5.9 2.5 
Boron2 (as B) mg/L 1.34 3.4 0.99 2.4 0.60 1.3 1.05 2.7 
Strontium2 (as Sr) mg/L 0.34 3.1 0.32 2.7 0.22 1.6 0.38 2.9 
Barium2 (as Ba) mg/L 0.12 2.4 0.12 2.4 0.08 1.3 0.14 2.8 
Silica3 (as SiO2) mg/L 31 3.4 27 2.7 16 1.6 26 2.6 
Silica2 (as SiO2) mg/L 28.6 2.9 22.2 2.5 12.5 1.4 21.5 2.3 
Total Dissolved Solids3 mg/L 598 3.1 500 1.3 260 1.3 476 2.3 
Conductivity1  µS/cm 1029 2.9 871 2.3 492 1.3 866 2.3 
Average COC *  3.1  2.5  1.4  2.5 
*Highest and lowest COC omitted in case of errors in analysis or sampling. TDS and Conductivity included. 
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Table A-4: Hardness/Calcium Scaling and COC, Champaign ROB: July 15 to October 17, 2014. 
Date 
Total Hardness1 
(as CaCO3) mg/L 
Total Hardness2  
(as CaCO3) mg/L 
Calcium  
Hardness1 
(as CaCO3) mg/L 
Calcium  
Hardness2 
(as CaCO3) mg/L 
Magnesium 
Hardness2 
(as CaCO3) mg/L 
Average 
COC * 
Notes 
7/15/2014 245 249.55 70 37.1 212.45  
Calcium scaling was taking place because 
the Magnesium COC (3.3 COC) and average 
COC (3.1 COC) was much higher than the 
ICP Calcium COC (1.4 COC).  COC 2.3 2.7 2.8 1.4 3.3 3.1 
8/19/2014 198 195.71 55 54.25 141.46  
Calcium scaling was taking place because 
the Magnesium COC (2.4 COC) and average 
COC (2.5 COC) was higher than the ICP 
Calcium COC (1.9 COC).  
COC 2.2 2.2 2.1 1.9 2.4 2.5 
9/22/2014 125 124.98 37 38.1 86.88  
Calcium scaling was taking place because 
the Magnesium COC (1.5 COC) and average 
COC (1.4 COC) was higher than the ICP 
Calcium COC (1.2 COC).  COC 1.4 1 1.2 1.2 1.5 1.4 
10/17/143 220 211.07 55 51.74 159.33   Calcium scaling was taking place because 
the Magnesium COC (2.6 COC) and average 
COC (2.5 COC) was much higher than the 
ICP Calcium COC (1.5 COC). 
COC 2.2 2.2 1.9 1.5 2.6 2.5 
*From overall COC. 1Field/Immediate Test, 2ICP, 3Cooling tower not circulating due to low outside temperature. 
 
 
 
Table A-5: Metals and COC, Champaign ROB: July 15 to October 17, 2014. 
Date 7/15/14 COC 8/19/14 COC 9/22/14 COC 10/17/143 COC 
Iron1 (as Fe) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Copper1 (as Cu) mg/L 0.10 10.02 0.10 5.0 0.05 5.02 0.07 7.02 
Zinc1 (as Zn) mg/L 0.03 3.02 0.02 2.02 0.02 2.02 0.06 6.02 
Molybdenum1 (as Mo) mg/L 0.00 --- 0.06 6.02 0.00 --- 0.00 --- 
Manganese1 (as Mn) mg/L 0.00 --- 0.00 --- 0.00 --- 0.01 1.02 
Average COC *  3.1  2.5  1.4  2.5 
*From overall COC. 1ICP, 2If makeup water was 0.01 mg/L. 3False Positive 
 
 
 
Corrosion Coupons 
Corrosion coupons were installed as soon as the coupon rack was able to be installed. Since not much time 
was left in the season, the installation times were shorter than the typical 60 to 90 days. 
 
Mild Steel 
The mild steel corrosion rate results are detailed in Table A-6. Most corrosion usually occurs in the first days; 
therefore, it is expected that as the days of exposure increase, the corrosion rate would decrease (Figure A-2 
and Table A-7). However, even though the corrosion rate decreased after 42 days, the corrosion rate was still 
poor. This result was expected because no treatment was added during this time of the study. 
 
This is in contrast to the water analysis where 0.00 mg/L of iron was found in all samples. This is probably 
because the corrosion coupons were new metal and the cooling tower was old metal. The tower was also 
operating at 1.4 to 3.1 COC. At these low COCs, there would be little contribution from the makeup water. 
Also, the cooling tower is galvanized (steel coated with zinc). 
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Table A-6: Champaign ROB, Cooling Tower, Continuous Blowdown: 2014, Mild Steel Coupons. 
Date 
Installed 
Date 
Removed 
Days 
Installed 
MDD1 MPY2 Observations Conclusions 
9/5/2014 9/18/2014 13 52.91 9.66 Some soft & hard orange-brown & brown 
deposits with a few areas of tubercles. 
Extremely Poor Protection, 
Severe Corrosion. 
9/18/2014 10/17/2014 29 33.13 6.05 Both soft & hard orange-brown deposits 
with some areas of tubercles. 
Very Poor Protection, Very 
High Corrosion. 
9/5/2014 10/17/2014 42 24.12 4.40 Both soft & hard orange-brown deposits 
with some areas of tubercles. 
Poor Protection, High 
Corrosion. 
1MDD- Milligrams of metal lost (average) per square Decimeter per Day. 
2 MPY = Mills Penetrated per Year, ((MDD) x (1.437)) / density, where density is the density of the metal in grams per cubic 
centimeter. 
 
 
 
 
Figure A-2: Mild Steel Corrosion Coupons of Champaign 100% Blowdown Cooling Tower from July - October 
2014. 
 
 
 
Table A-7: Mild Steel Corrosion Coupon Corrosion Rates for Cooling Towers and Frequency. 
Description Mild Steel-MPY # of Coupons Days Installed 
Excellent < 0.50 0 --- 
Very Good 0.50 to 0.99 0 --- 
Good 1.00 to 1.99 0 --- 
Moderate to Fair 2.00 to 2.99 0 --- 
Poor 3.00 to 5.00 1 42 
Very Poor to Severe > 5.00 2 13, 29 
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Copper 
The copper corrosion rates are detailed in Table A-8. Most corrosion usually occurs in the first days; therefore, 
it is expected that as the days of exposure increases the corrosion rate decreases (Table A-9 and Figure A-3). 
After 29 and 42 days the corrosion rate declined considerably and was considered good. The copper from the 
water analysis indicated some possible corrosion, but the levels were not excessive. 
 
 
 
Table A-8: Champaign ROB, Cooling Tower, Continuous Blowdown: 2014, Copper Coupons. 
Date 
Installed 
Date 
Removed 
Days 
Installed 
MDD1 MPY2 Observations Conclusions 
9/5/2014 9/18/2014 13 3.70 0.60 No deposits, some dark 
discoloration evenly distributed. 
Poor Protection, High Corrosion, some 
Copper present (0.03-0.10 mg/L). 
9/18/2014 10/17/2014 29 1.72 0.28 No deposits, some dark 
discoloration evenly distributed. 
Good Protection, Satisfactory Corrosion 
some Copper present (0.05-0.07 mg/L). 
9/5/2014 10/17/2014 42 1.76 0.28 No deposits, some dark 
discoloration evenly distributed. 
Good Protection, Satisfactory Corrosion 
some Copper present (0.03-0.10 mg/L). 
1MDD- Milligrams of metal lost (average) per square Decimeter per Day. 
2 MPY = Mills Penetrated per Year, ((MDD) x (1.437)) / density, where density is the density of the metal in grams per cubic 
centimeter. 
 
 
 
Table A-9: Copper Corrosion Coupon Corrosion Rates for Cooling Towers and Frequency. 
Description Copper-MPY # of Coupons Days Installed 
Excellent <0.10   
Very Good 0.10 to 0.19   
Good 0.20 to 0.29 2 29, 42 
Moderate to Fair 0.30 to 0.49   
Poor 0.50 to 1.00 1 13 
Very Poor to Severe > 1.00   
 
 
 
 
Figure A-3: Copper Corrosion Coupons of Champaign 100% Blowdown Cooling Tower from July – October 
2014. 
0
0.5
1
1.5
2
2.5
M
P
Y
 C
o
rr
o
si
o
n
 R
at
e
Date 2014
Very Poor to Severe
Poor
Moderate to Fair
Good
Very Good
Excellent
September 5th - September
18th (13 Days)
September 5th - October 17th
(42 Days)
September 18th - October 17th
(29 Days)
24 
 
Deposits  
Deposits were collected and analyzed by ICP after the tower was shut down at the end of the 2014 season, 
before the start of the 2015 season. 
Loss on ignition measures organic material including Biological material (Bacteria, Algae and Fungi) in the 
deposits. The loss on ignition was 17% for the deposits collected between the 2014 and 2015 seasons. This 
result is a typical value. 
 
Table A-10 shows the full ICP results; the following is a summary of the main corrosion products in the 
deposits: 
 Calcium: Very High, which indicates severe scaling. 
 Magnesium and Silica: low, which indicates some scale. 
 Iron: Extremely High, which indicates severe corrosion. 
 Copper, Zinc, Chromium and Aluminum: Somewhat High, which indicates significant corrosion. 
 
These scale and corrosion products were expected because the tower was operated with no treatment. 
 
Biological 
Chlorine, ATP, fungi, aerobic bacteria and Legionella was tested on all cooling tower water samples (Table A-
11). 
 
Chlorine 
Only a small amount of chlorine was present, presumably left over from the cold distribution water chlorine. 
Because of the high makeup rate, the chlorine may have had a biocide contribution. No supplemental chlorine 
was added. 
 
ATP 
The information below uses the data from the AMSA meter while the graph (Figure A-4) uses values converted 
to the Hygiena meter. 
 The July 15, 2014, sample appeared to be satisfactory as the ATP was close to being good control. 
 The August 19, 2014, sample did not have good agreement between the Ultrasnap (which read much 
lower) and the Total ATP. However, 91% of the ATP (41,662 RLU) was from dead cells which is good. 
 The September 22, 2014, sample had increased ATP, but once again 90% of the ATP (74,656 RLU) was 
from dead cells. 
 The October 17, 2014, sample had greatly increased ATP (321,314 RLU) and most of the cells were 
living (306,283 RLU) at 95%. This is probably due to the tower being shut down and the water was not 
circulating. 
 
Fungi 
No fungi should be present in a tower that is under good biological control. Some fungi are slower growing 
than others so the media is examined after 2-5 days as well as 10-15 days. Of the two samples tested for fungi, 
both contained fungi. 
 The July 15, 2014, sample was not tested for fungi. 
 The August 19, 2014, sample initially did not have fungi growth but after 10-15 days, fungi were high at 
10,000 CFU/mL. 
 The September 22, 2014, sample initially did not have fungi growth but after 10-15 days, fungi were 
Very High at 100,000 CFU/mL. 
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Table A-10: Champaign ROB Deposit from Tower Basin: 2014 Cooling Season before Soft Water Makeup 
Collected April 8, 2015.* 
Component mg/L Percent Comments 
Calcium (as Ca) 71.47  48.5 Calcium scale, Severe. 
Iron (as Fe) 39.97 27.1 Corrosion of tower, Severe. 
Zinc (as Zn) 10.01 6.8 Corrosion of tower, Significant. 
Magnesium (as Mg) 9.32 6.3 Magnesium scale probably associated with Silica. 
Phosphate (as PO4) 4.58 3.1 Present in water, possibly associated with Ca or Mg. 
Copper (as Cu) 4.04 2.7 Corrosion of absorber, Significant. 
Silica (as SiO2) 2.95 2.0 Silica scale probably associated with Magnesium. 
Chromium (as Cr) 2.37 1.6 Corrosion possibly from absorber, Significant. 
Aluminum (as Al) 1.34 0.9 Corrosion possibly from absorber, Significant. 
Sodium (as Na) 0.29 0.2 Minor constituent  
Barium (as Ba) 0.21 0.1 Minor constituent  
Titanium (as Ti) 0.20 0.1 Minor constituent  
Cadmium (as Cd) 0.20 0.1 Minor constituent  
Potassium (as K) 0.19 0.1 Minor constituent  
Strontium (as Sr) 0.19 0.1 Minor constituent  
Manganese (as Mn) 0.12 0.1 Minor constituent  
Boron (as B) 0.04 <0.1 Minor constituent  
*The tower was operated under continuous blowdown with no chemical treatment (no scale or corrosion inhibitors). 
 
 
 
 
 
Table A-11: Cooling Tower Water, Biological, Champaign ROB: July 15 to October 17, 2014. 
Date 7/15/14 8/19/14 9/22/14 10/17/143 
Free Cl21  ppm <0.1 <0.1 <0.1 <0.1 
Total Cl21 ppm <0.1 <0.1 0.1 <0.1 
     
Total ATP1 RLU (Ultrasnap) 1182 960   
Total ATP1 RLU  45,679 83,156 321,314 
Free (Dead) ATP1 RLU (Percent)  41,662 (91%) 74,656 (90%) 15,031 (5%) 
Living ATP1,4 RLU (Percent)  4017 (9%) 8,500 (10%) 306,283 (95%) 
Living ATP1,4 RLU (new Hygiena meter equivalent) 77 100 138 4594 
     
Fungi1 CFU/mL (2-5 days)  <10 <10 <10 
Fungi1 CFU/mL (10-15 days)  10,000 100,000 <10 
     
Aerobic Bacteria1 CFU/mL (2-5 days)  <100 <100 <100 
Aerobic Bacteria1 CFU/mL (10-15 days) <100 150 <100 100,000 
Aerobic Bacteria2 CFU/mL (6-8 days)  1,000 1,000 10,000 
     
Legionella2 CFU/mL     
    L. pneumophila (serogroup 1)  30 0 0 
    L. pneumophila (serogroup 2-14)  0 0 0 
    L. species  0 0 0 
1Field/Immediate Test. 2Phigenics PVT Test. 3Not circulating due to low outside temperature. 4Calculated. 
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Figure A-4: ATP of Champaign 100% Blowdown Cooling Tower from July - October 2014. 
 
 
 
Aerobic Bacteria 
The information below is illustrated in Figure A-5. 
 The July 15, 2014, sample had little or no bacteria present. 
 The August 19, 2014, sample had low levels of bacteria. 
 The September 22, 2014, sample had low levels of bacteria. 
 The October 17, 2014, sample had good control according to the PVT but poor control after 10-15 
days. 
 
Legionella, Phigenics PVT Test 
No Legionella should be present in a tower that is under good biological control. Typically Legionella is more 
likely to be present in a tower that is dirty or has a diverse biological population. 
 The July 15, 2014, sample was not tested. 
 The August 19, 2014, sample had Legionella present (30 CFU/mL). This was the only sample in the 
entire study that contained Legionella. 
 The September 22, 2014, sample had no Legionella present. 
 The October 17, 2014, sample had no Legionella present. 
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Figure A-5: Bacteria of Champaign 100% Blowdown Cooling Tower from July - October 2014. 
 
 
 
 
Figure A-6: Bacteria & ATP of Champaign 100% Blowdown Cooling Tower from July - October 2014. 
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Water Usage  
The water usage data was not available at the start of the cooling tower operation. Table A-12 indicates that 
the GPM ranged from 2.1 to 5.4. 
 
On October 16, 2014, a 2.2 GPM (3168 GPD) continuous flow was discovered due to a broken float valve; the 
tower was overflowing. This occurred only when the tower was offline. The excessive flow may have been 
occurring all season. However, this would not be a factor for the most of the season, because the tower 
typically used more water than that. The tower was in operation before the first meter reading so the actual 
water usage may have been 1,000,000 gallons or more.  
 
The water usage and COC is shown in Figure A-7. It is expected that as COC increases water usage would 
decrease. This occurred from August 19 to October 17, 2014. However, this was not the case from July 15 to 
August 19, 2014, which was probably due to the blowdown not being able to keep up with the demand. 
 
Cost 
Using the figures of $5.60/1000 gallons water charge and $3.42/1000 gallons sewer charge or $9.02/1000 
gallons total, the total cost of water (926,250 gallons) was $8,355. 
 
 
 
Table A-12: Champaign ROB Tower, Water Usage 2014, Continuous Blowdown. 
Date Meter Reading Gallons Days GPD GPM 
5/21/2014 2,918,360  
6/10/2014 3,034,610 116,250 20 5,813 4.0 
6/30/2014 3,173,500 138,890 20 6,945 4.8 
7/10/2014 3,246,820 73,320 10 7,332 5.1 
7/15/2014 3,285,700 38,880 5 7,776 5.4 
9/22/2014 3,706,220 420,520 69 6,094 4.2 
10/14/2014 3,796,260 90,040 22 4,093 2.8 
10/30/2014 3,844,610 48,350 16 3,022 2.1 
Total  926,250  
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Figure A-7: Water Usage & COC of Champaign 100% Blowdown Cooling Tower from July - October 2014. 
Appendix B 
 
Results and discussion for Champaign ROB 2015, zero blowdown soft water makeup 
 
Daily (M-F) Hardness and Conductivity & Weekly Silica, pH and Tolytriazole 
Water samples were collected daily from the cold distribution, primary softener, polishing softener, makeup 
water and cooling tower and tested for hardness and conductivity. Once a week pH, silica and tolytriazole was 
tested. Tests for these three parameters were performed from April 20 to October 23, 2015, for a total of 27 
weeks (Table B-1). 
 
The cold distribution water flows to the primary softener. The output of the primary softener flows to the 
polishing softener. When the primary softener is regenerating, the cold distribution water feeds the polishing 
softener. Silica (SiO2) is added to the output of the polishing softener and this is the makeup water. 
 
After the first week (April 2-24, 2015), the output from the softeners and makeup water was 0 mg/L hardness. 
The makeup water was first tested on May 21, 2015. 
 
When the tower was offline due to cool weather, the float would allow 3-4 gpm of water to flow out of the 
tower, which resulted in 3-4 gpm of soft water flowing into the tower. The float was adjusted and reduced the 
flow to under 1 gpm. This kept the tower from cycling up to the expected conductivity and COC above 20 COC. 
 
Polishing Softener and Tower Conductivity with Calculated COC 
The polishing softener or makeup water conductivity was divided into the tower conductivity to calculate the 
COC (Table B-2) from the daily test April 20 to October 23, 2015. The tower conductivity and COC as expected 
follow the same pattern (Figure B-1). 
 
The float that controls the water level in the cooling tower malfunctioned throughout most of this season. 
When the tower was offline due to cool weather, the tower would overflow at 1-4 gpm and be filled with soft 
water makeup. This resulted in low conductivity and COC in the tower. The float was adjusted and replaced in 
the spring and summer but proper control was not achieved until October 1, 2015. 
 
From October 1-23, 2015, the tower was able to increase in conductivity and COC each day even though it was 
offline and did not run much of the time. These conditions are similar to the conditions in the spring when the 
tower first went on line. It took just 20 days (October 1-21, 2015) for the tower to cycle up above 10 COC 
when the float was working correctly. However, in the spring (May 20 - June 15, 2015) it took 56 days for the 
tower to cycle up above 10 COC when the float allowed the tower to overflow. 
 
Table B-3 is the observed number of days that the tower was at particular ranges of COC. The target COC for 
this program is 20 or more COC. Because of the float problems the tower was under 10 COC 51.7% of the time 
and under 20 COC 70.3% of the time. The expected results are a combination of the results when the float 
worked and assumptions made by the study PIs that the tower would cycle up quickly and be able to maintain 
those cycles of concentration. The tower would have operated above 20 COC 83.9% of the time (if the float 
worked) instead of 29.7% of the time (with a broken float), and thus, chemical and water usage would have 
been greatly reduced.  
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Table B-1: Champaign ROB, Daily (M-F) Hardness and Conductivity & Weekly Silica, pH and Tolytriazole: April 20-October 23, 2015. 
Date 
Cold Distribution Primary Softener Polishing Softener Makeup Water Cooling Tower Notes 
Hardness 
(mg/L)* 
Conductivity 
(µS/cm) 
pH 
Hardness 
(mg/L)* 
Conductivity 
(µS/cm) 
pH 
Hardness 
(mg/L)* 
Conductivity 
(µS/cm) 
Silica 
(mg/L) 
pH 
Hardness 
(mg/L)* 
Conductivity 
(µS/cm) 
Silica 
(mg/L) 
pH 
Hardness 
(mg/L)* 
Conductivity 
(µS/cm) 
Silica 
(mg/L) 
pH 
Tolytriazole 
(ppm) 
 
20-Apr 86 338  2 345  2 347       27 411    
 
21-Apr 84 341  Trace 350  Trace 347       33 394    
Tolytriazole added (500 mL/16 oz.), 
Silica Pump set at 50/50 
(Pump/Stroke) but later found to be 
defective. 
22-Apr 88 344  Trace 350  Trace 349       15 367    
 
23-Apr 94 355  Trace 374  Regen        13 361    
 
24-Apr 100 346 8.77 Trace 351 8.82 Trace 356 10 8.74     18 368 12 8.97 0 
 
27-Apr 94 344  0 360  0 358       17 373    
 
28-Apr 86 333  0 346  0 348       57 518    
 
29-Apr 88 343  0 352  Regen        43 479    
 
1-May 88 337 8.74 0 346 8.89 0 347 9 8.86     12 413 13 8.74 0 
 
4-May 92 330  0 338  0 338       70 980    
 
5-May 96 351  0 360  0 360       69 1635    
 
6-May 92 336  0 342  0 342       70 2162    
 
7-May 94 345 8.68 0 350 8.89 0 349 10 8.77     47 1824 53 9.3 0 
Tower blown down to reduce 
hardness, silica pump replaced and 
set at 20/20 (Pump/Stroke), 
Tolytriazole (500 mL/16 oz.) added. 
8-May 100 360  0 369  Regen        47 1849    
 
11-May 100 372  0 380  0 380       36 1716    
Tower blown down after sample 
collected to reduce hardness. 
12-May 94 372  0 382  0 382       6 456    
Tower was off but overflowing and 
filling at (3-4 gpm). 
13-May 96 377  0 387  0 388       7 443    
Tower was off but overflowing and 
filling at (0-1 gpm), float was 
adjusted. 
14-May 92 387 8.78 0 393 8.89 0 392 10 8.91     36 1100 45 9.18 0 
Tower pumps were on and just a 
dribble out of the blowdown from 
float. 
15-May 86 374  0 382  0 382       42 1604    Tolytriazole added (500 mL/16 oz.). 
18-May 98 377  0 386  0 386       48 1815    
 
19-May 96 388 8.73 0 395 8.85 0 392 10 8.85     26 1270 46 9.25 1 
Tower was off but overflowing and 
filling at 2-3 gpm. Tolytriazole 
added (500 mL/16 oz.), Silica Pump 
was increased from 20/20 to 40/40 
(Volume/Stroke). 
20-May 98 376  0 384  0 385       14 883    
Tower was off, constant low flow <1 
gpm. 
21-May 96 370  0 385  0 386   0 392   10 748    
Tower was off, constant low flow <1 
gpm. 
22-May 94 371  0 382  0 382   0 409   26 1045    
Tower running, low overflow just 
dribbles. 
26-May 94 355  0 363  0 361   0 397   31 1343    
 
27-May 94 360  0 368  0 369   0 412   36 2147    
 
28-May 94 366 8.55 0 372 8.84 0 372 9 8.83 0 392 26 9.12 38 2699 161 9.34 0 
 
29-May 102 413  0 424  0 424   0 429   33 2831    
 
1-Jun 98 357  0 366  0 365   0 478   20 1178    
 
2-Jun 94 368  0 377  0 377   0 406   24 1430    
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3-Jun 98 493  0 403  0 402   0 434   26 1730    
Cold Distribution conductivity 
abnormally high, unknown reason. 
4-Jun 96 406 8.73 0 415 8.87 0 416 10 8.85 0 442 34 9.16 28 2062 137 9.26 0 Tolytriazole added (500 mL/16 oz.). 
5-Jun 94 358  0 366  0 366   0 402   30 3069    
 
8-Jun 92 375  0 384  0 385   0 419   22 2059    
 
9-Jun 88 353  0 361  0 361   0 401   23 2157    
 
10-Jun 94 365  0 376  0 375   0 404   24 2468    
 
11-Jun 98 402 8.72 0 413 8.93 0 403 10 8.93 0 447 41 9.27 18 1947 158 9.36 0.5 Tolytriazole added (500 mL/16 oz.). 
12-Jun 92 377  0 385  0 386   0 415   20 2070    
 
15-Jun 88 373  0 383  0 384   0 418   31 6900    
 
16-Jun 102 413  0 420  0 425   0 432   31 8090    
 
17-Jun 102 432  0 451  0 453   0 484   33 8841    
 
18-Jun 106 438 8.79 0 448 8.92 0 448 9 8.93 0 482 38 9.24 32 9874 250 9.79 2 
 
19-Jun 100 412  0 426  0 426   0 456   31 10,760    Tolytriazole added (500 mL/16 oz.). 
22-Jun 94 408  0 418  0 396   0 451   31 13,060    
 
23-Jun 94 396  0 406  0 407   0 431   20 13,880    
 
24-Jun 96 418 8.81 0 430 8.96 0 429 9 8.98 0 454 31 9.22 29 14,190 271 9.81 3 
Tolytriazole added (500 mL/16 oz.). 
Silica Pump reset to 20/20 
(Volume/Stroke) 
25-Jun 96 420  0 433  0 433   0 444   24 10,820    
 
26-Jun 104 432  0 442  0 443   0 451   23 11,600    Unplugged Silica pump. 
29-Jun 94 382  0 393  0 395   0 400   18 7,720    
Plugged in Silica Pump set at 20/20 
(Volume/Stroke). 
30-Jun 86 410  0 418  0 418   0 423   17 8,592    Tolytriazole added (500 mL/16 oz.). 
1-Jul 92 408  0 416  0 416   0 427   16 8,296    
 
2-Jul 92 375 8.69 0 390 8.88 0 391 9 8.9 0 398 16 9.2 14 7,257 222 9.7 5 
 
6-Jul 94 401  0 392  0 391   0 385   14 5,045    
 
7-Jul 88 412 8.65 0 419 8.89 0 416 8 8.78 0 427 16 9 22 6,619 246 9.64 15 
WCTI collected samples before 
adding Tolytriazole (1500 mL/48 
oz.); IWT samples collected after. 
8-Jul 96 395  0 405  0 401   0 406   13 5,196    
 
9-Jul 92 395  0 403  0 403   0 409   13 3,885    
 
10-Jul 88 359  0 370  0 371   0 381   14 4,509    Tolytriazole added (500 mL/16 oz.). 
13-Jul 86 359  0 366  0 366   0 373   18 6,717    
 
14-Jul 86 369  0 376  0 376   0 385   20 8,062    
 
15-Jul 90 423  0 432  0 424   0 438   21 8,425    
 
16-Jul 92 432  0 453  0 453   0 459   20 9,279    
 
17-Jul 96 418 8.7 0 427 8.87 0 427 8 8.85 0 428 8 8.89 22 10,010 279 9.73 3.5 
Tolytriazole added (1500 mL/48 
oz.). 
20-Jul 98 372  0 382  0 381   0 386   22 12,330    
 
21-Jul 84 409  0 407  0 409   0 422   22 12,910    Tolytriazole added (500 mL/16 oz.). 
22-Jul 88 393  0 402  0 402   0 409   22 13,460    
 
23-Jul 86 389 8.67 0 395 8.86 0 394 10 8.77 0 401 16 8.93 21 13,750 285 9.77 8.5 
 
24-Jul 90 387  0 393  0 392   0 398   22 14,290    
 
27-Jul 90 369  0 378  0 377   0 382   22 15,480    
 
28-Jul 90 374  0 380  0 381   0 387   21 16,010    
 
29-Jul 92 405  0 416  0 415   0 418   22 16,260    
 
30-Jul 86 402 8.77 0 410 8.88 0 409 9 8.89 0 414 13 9.01 24 17 280 9.84 3.5 
 
31-Jul 90 388  0 401  0 403   0 401   22 17,070    Unplugged Silica pump. 
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3-Aug 88 372  0 380  0 378   0 379   22 18,410    
 
4-Aug 90 377  0 386  0 386   0 386   22 18,610    
 
5-Aug 92 389 8.7 0 393 8.82 0 393 8 8.82 0 393 8 8.82 23 19,010 247 9.82 1.5 
Tolytriazole added (1500 mL/48 
oz.). 
6-Aug 92 374  0 383  0 383   0 383   22 18,840    
 
7-Aug 92 368  0 376  0 376   0 376   22 18,750    
 
10-Aug 102 361  0 371  0 371   0 371   21 19,050    
 
11-Aug 98 373  0 383  0 382   0 382   21 18,920    
 
12-Aug 100 375  0 387  0 385   0 386   21 18,930    
 
13-Aug 112 420 8.8 0 436 8.93 0 437 10 8.93 0 434 9 8.96 22 18,880 329 9.83 6 
 
14-Aug 108 377  0 388  0 388   0 387   21 19,520    
 
17-Aug 98 371  0 385  0 383   0 384   21 19,430    
 
18-Aug 100 382  0 395  0 394   0 395   22 19,110    
 
19-Aug 96 389  0 400  0 401   0 400   21 19,120    
 
20-Aug 92 384 8.86 0 395 8.91 0 394 8 8.91 0 394 8 8.97 16 13,200 208 9.91 2 
Tower offline but draining and 
refilling. Tolytriazole added (1500 
mL/48 oz.). 
21-Aug 102 375  0 386  0 385   0 385   10 4,615    
 
24-Aug 94 377  0 387  0 387   0 386   8 1,550    
Silica Pump plugged in 20/20 
(Volume /Stroke). 
25-Aug 96 378  0 387  0 388   0 387   12 1,458    
 
26-Aug 96 360  0 371  0 371   0 371   12 982    
 
27-Aug 100 369 8.78 0 379 8.9 0 378 8 8.94 0 379 8 8091 14 978 41 9.16 0 
 
28-Aug 100 372  0 384  0 383   0 389   16 1,517    
Silica Pump Volume/Stroke 
increased to 50/50. Tolytriazole 
added (500 mL/16 oz.). 
31-Aug 94 348  0 357  0 357   0 392   17 1,297    Tolytriazole added (500 mL/16 oz.). 
1-Sep 94 357  0 366  0 366   0 393   15 1,529    Tolytriazole added (500 mL/16 oz.). 
2-Sep 94 372  0 381  0 381   0 419   20 2,357    Tolytriazole added (500 mL/16 oz.). 
3-Sep 88 398 8.75 0 418 8.79 0 414 8 8.86 0 475 36 9.19 29 3,345 173 9.37 8.6 
Tolytriazole added (1500 mL/48 
oz.). Unplugged Silica pump. 
4-Sep 102 400  0 411  0 411   0 410   27 5,105    
 
8-Sep 88 357  0 365  0 364   0 364   20 6,093    Tolytriazole added (500 mL/16 oz.). 
9-Sep 96 403  0 417  0 415   0 416   19 6,447    
Tolytriazole added (500 mL/16 oz.). 
Plugged in Silica Pump, 
Volume/Stroke (50/50). 
10-Sep 100 416 8.69 0 426 8.86 0 426 10 8.84 0 454 37 9.16 14 5,634 207 9.59 12.5 
 
11-Sep 112 438  0 452  0 451   0 470   17 4,628    
 
14-Sep 102 393  0 404  0 403   0 427   11 1,953    
 
15-Sep 112 414 8.61 0 423 8.77 0 424 11 8.77 0 443 30 9.04 13 1,277 89 9.26 3.5 
Tolytriazole added (1500 mL/48 
oz.). 
16-Sep 100 388  0 398  0 397   0 425   18 1,740    
 
17-Sep 90 380  0 386  0 383   0 425   17 1,696    
 
18-Sep 94 372  0 380  0 380   0 412   17 1,680    Tolytriazole added (500 mL/16 oz.). 
21-Sep 98 383  0 392  0 392   0 417   19 1,271    
 
22-Sep 98 376  0 387  0 387   0 417   19 1,226    
 
23-Sep 100 379  0 389  0 389   0 413   23 1,614    
 
24-Sep 94 382 8.52 0 391 8.65 0 390 9 8.77 0 411 27 9.06 23 1,496 124 9.15 1.5 Tolytriazole added (500 mL/16 oz.). 
25-Sep 96 400  0 410  0 409   0 430   22 1,346    
 
28-Sep 92 347  0 356  0 355   0 370   22 1,443    
 
29-Sep 92 348  0 356  0 356   0 370   21 1,360    Tolytriazole added (500 mL/16 oz.). 
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30-Sep 100 364  0 374  0 373   0 383   12 852    
Tower was not running but draining 
and refilling at 3 GPM. 
1-Oct 94 367 8.75 0 393 8.73 0 388 9 8.78 0 381 11 8.9 8 742 48 9.11 0.5 
Float Replaced, no water draining 
or refilling when off line. 
2-Oct 98 369  0 382  0 384   0 399   19 1,003    Tolytriazole added (500 mL/16 oz.). 
5-Oct 102 400  0 411  0 410   0 422   24 1,521    Tolytriazole added (500 mL/16 oz.). 
6-Oct 102 400 8.79 0 411 8.91 0 408 10 8.92 0 432 31 9.18 22 1,672 108 9.17 6 
Tolytriazole added (1500 mL/48 
oz.). 
7-Oct 100 395  0 407  0 406   0 417   30 2,426    
 
8-Oct 102 379  0 390  0 390   0 400   26 2,884    
 
9-Oct 100 376  0 387  0 388   0 397   24 3,185    
 
13-Oct 100 363  0 393  0 385   0 386   21 3,658    
 
14-Oct 102 367  0 408  0 395   0 380   23 3,653    
 
15-Oct 100 367 8.55 7 606 8.33 0 519 10 8.46 0 386 19 9.01 26 3,704 170 9.45 1 
10/16/15: Water Turned Off to 
Tower. 
21-Oct 102 367  0 379  0 378   0 388   ** 4,025    
10/19 and 10/20/15: Water Turned 
Off to Tower.  
10/21/15: 1 Gallon of Biocide added 
before samples were collected. 
22-Oct 98 370  0 381  0 381   0 390   ** 4,417    
 
23-Oct 96 369 8.73 0 380 8.82 0 381 10 8.85     ** 4,537 186 9.51 3.5 
Tower was being drained, Makeup 
Water not available. 
*(as CaCO3). **Interference due to Biocide addition. 
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Table B-2: Polishing Softener and Tower Conductivity with Calculated COC. 
Date Softener Tower COC* Notes Date Softener Tower COC* Date Softener Tower COC* Notes Date Softener Tower COC* Notes 
20-Apr 347 411 1.2  10-Jun 404 2468 6.1 30-Jul 414 16,670 40.3  18-Sep 412 1680 4.1  
21-Apr 347 394 1.1  11-Jun 447 1947 4.4 31-Jul 401 17,070 42.6  21-Sep 417 1271 3  
22-Apr 349 367 1.1  12-Jun 415 2070 5 3-Aug 379 18,410 48.6  22-Sep 417 1226 2.9  
23-Apr 374 361 1 Primary Softener used because 
Polishing Softener was regenerating. 
15-Jun 418 6900 16.5 4-Aug 386 18,610 48.2  23-Sep 413 1614 3.9  
24-Apr 356 368 1  16-Jun 432 8090 18.7 5-Aug 393 19,010 48.4  24-Sep 411 1496 3.6  
27-Apr 360 373 1  17-Jun 484 8841 18.3 6-Aug 383 18,840 49.1  25-Sep 430 1346 3.1  
28-Apr 346 518 1.5  18-Jun 482 9874 20.5 7-Aug 376 18,750 49.9  28-Sep 370 1443 3.9  
29-Apr 352 479 1.4  19-Jun 456 10,760 23.6 10-Aug 371 19,050 51.3  29-Sep 370 1360 3.7  
1-May 347 413 1.2  22-Jun 451 13,060 29 11-Aug 382 18,920 49.5  30-Sep 383 852 2.2 Tower was not running but 
draining and refilling at 3 GPM. 
4-May 338 980 3  23-Jun 431 13,880 32.2 12-Aug 386 18,930 49  1-Oct 381 742 1.9 Float Replaced, no water draining 
or refilling when off line. 
5-May 360 1635 4.5  24-Jun 454 14,190 31.3 13-Aug 434 18,880 43.5  2-Oct 399 1003 2.5  
6-May 342 2162 6.3  25-Jun 444 10,820 24.4 14-Aug 387 19,520 50.4  5-Oct 422 1521 3.6  
7-May 349 1824 5.2 Primary Softener used because 
Polishing Softener was regenerating. 
26-Jun 451 11,600 25.7 17-Aug 384 19,430 50.6  6-Oct 432 1672 3.9  
8-May 369 1849 5 
 
29-Jun 400 7720 19.3 18-Aug 395 19,110 48.4  7-Oct 417 2426 5.8  
11-May 380 1716 4.5 
 
30-Jun 423 8592 20.3 19-Aug 400 19,120 47.8  8-Oct 400 2884 7.2  
12-May 382 456 1.2 The tower was overflowing and 
filling at 3-4 gpm when the tower 
was offline. 
1-Jul 427 8296 19.4 20-Aug 394 13,200 33.5 Tower offline but 
draining and refilling 
9-Oct 397 3185 8  
13-May 388 443 1.1 The tower float was adjusted to 
allow just 0-1 gpm flow when the 
tower was offline. 
2-Jul 398 7257 18.2 21-Aug 385 4615 12  13-Oct 386 3658 9.5  
14-May 392 1100 2.8  6-Jul 385 5045 13.1 24-Aug 386 1550 4  14-Oct 380 3653 9.6  
15-May 382 1604 4.2  7-Jul 427 6619 15.5 25-Aug 387 1458 3.8  15-Oct 386 3704 9.6 10/16-20/15: Water turned off to 
softeners and tower. 
18-May 386 1815 4.7 
 
8-Jul 406 5196 12.8 26-Aug 371 982 2.6  21-Oct 388 4025 10.4  
19-May 392 1270 3.2 Tower was off but overflowing and 
filling at 2-3 gpm. 
9-Jul 409 3885 9.5 27-Aug 379 978 2.6  22-Oct 390 4417 11.3  
20-May 385 883 2.3 Tower was off, constant low flow <1 
gpm. 
10-Jul 381 4509 11.8 28-Aug 389 1517 3.9  23-Oct 381 4537 11.9 Tower was being drained so 
Polishing Softener water was 
used instead of Makeup water. 
21-May 392 748 1.9 Tower was off, constant low flow <1 
gpm. Makeup Water used from now 
on. 
13-Jul 373 6717 18 31-Aug 392 1297 3.3       
22-May 409 1045 2.6  14-Jul 385 8062 20.9 1-Sep 393 1529 3.9       
26-May 397 1343 3.4  15-Jul 438 8425 19.2 2-Sep 419 2357 5.6       
27-May 412 2147 5.2  16-Jul 459 9279 20.2 3-Sep 475 3345 7       
28-May 392 2699 6.9  17-Jul 428 10,010 23.4 4-Sep 410 5105 12.5       
29-May 429 2831 6.6  20-Jul 386 12,330 31.9 8-Sep 364 6093 16.7       
1-Jun 478 1178 2.5  21-Jul 422 12,910 30.5 9-Sep 416 6447 15.5       
2-Jun 406 1430 3.5  22-Jul 409 13,460 32.9 10-Sep 454 5634 12.4       
3-Jun 434 1730 4  23-Jul 401 13,750 34.3 11-Sep 470 4628 9.8       
4-Jun 442 2062 4.7  24-Jul 398 14,290 35.9 14-Sep 427 1953 4.6       
5-Jun 402 3069 7.6  27-Jul 382 15,480 40.5 15-Sep 443 1277 2.9       
8-Jun 419 2059 4.9  28-Jul 387 16,010 41.4 16-Sep 425 1740 4.1       
9-Jun 401 2157 5.4  29-Jul 418 16,260 38.9 17-Sep 425 1696 4       
*Bold COC above 20 COC, which is the target for the program. 
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Figure B-1: Conductivity & COC of Champaign ZBD Cooling Tower from April - October 2015. 
 
 
 
Table B-3: Testing Days That the Champaign ROB Tower was at Various Cycles of Concentration (COC). 
COC Observed Results with Broken Float Expected Results If Float Worked 
Days Percent Days Percent 
1.0-4.9 44 37.3% 5 4.2% 
5.0-9.9 17 14.4% 5 4.2% 
10.0-14.9 9 7.6% 5 4.2% 
15.0-19.9 13 11.0% 4 3.4% 
20.0-24.9 7 5.9% 4 3.4% 
25.0-29.9 2 1.7% 4 3.4% 
30.0-34.9 7 5.9% 3 2.5% 
35.0-39.9 2 1.7% 3 2.5% 
40.0-44.9 5 4.2% 3 2.5% 
45.0-49.9 9 7.6% 2 1.7% 
50.0-54.9 3 2.5% 30 25.4% 
55.0 and above 0 0% 50 42.4% 
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Cold Distribution, Polishing Soft Water and Soft Water Makeup  
The cold distribution water was of consistent quality month to month (Tables B-4). Sulfate was low or below 
detection limit and all corrosion metals were low (iron, copper, zinc, etc.). There was good agreement 
between the hardness (total and calcium) lab test and the ICP test. There was also good agreement with the 
silica lab test and ICP test. 
 
The softeners did an excellent job of removing hardness (0.00 mg/L, 5/7/15). The WCTI target softener 
hardness is <0.5 mg/L which was achieved by all except one sample (polishing softener 8/5/15, 0.52 mg/L). 
strontium and barium was also removed. Sodium was increased in the process as expected. 
 
IWT and WCTI, Champaign ROB, Cold Dist./Polishing Softener and Makeup: April 21 to October 6, 2015   
The hardness, pH and total dissolved solids results of the IWT and WCTI cold distribution and soft/makeup 
tests are compared in Table B-5. There was good agreement between the IWT and WCTI tests. The WCTI total 
dissolved solids (TDS) test is performed using a conductivity meter with a TDS option. The IWT TDS test is 
performed by evaporating water in a dish to determine the total dissolved solids, which gave a lower value 
than the WCTI test. 
 
Cooling Tower 
The Champaign ROB tower was filled with soft water from the WCTI softeners May 21, 2015. The system did 
not cycle up as quickly as expected because the float would allow 1-4 GPM drain from the tower (and refill 
with soft water). The float was adjusted so that less than 1 gpm would drain from the tower when it was 
offline. This float also failed and was replaced October 1, 2015 and did not allow the tower to drain when it 
was off line. Silica, Tolytriazole and Biocide were added as needed. The tower water was tested each month 
May to October 2015 and COC was calculated (Table B-6).  
 
Cycles of Concentration (COC) 
 
Elements that are Soluble and Indicate Overall COC and TDS and Conductivity 
Table B-7 determines the average COC of each cooling tower water analysis. The highest and lowest values 
were omitted because of possible errors in sampling or analysis. Silica was not used because it is added as the 
steel corrosion inhibitor. The range of conductivity, TDS and COC of the monthly samples was from a low of 
1672 µS/cm, 1170 mg/L and 4.1 COC (10/6/2015) to 19,010 µS/cm, 13,904 mg/L and 61.8 COC (8/5/2015). 
 
Hardness/Calcium Scaling and COC 
There was good agreement between the Hardness (Total and Calcium) lab test and the ICP test (Table B-8).  
In general, I assume that the hardness in the tower is from the softened makeup water. However, it is also 
possible that previous calcium scale is dissolving, which would contribute Calcium hardness to the tower water 
sample. The target hardness in the tower is <30 mg/L which was achieved in all but the May 7, 2015 sample. 
 
Metals and COC  
Table B-9 indicates the possibility of metal corrosion in the tower. The metals that were 0.00 mg/L in the 
makeup water were assumed to be 0.01 mg/L to calculate COC. The actual COC could actually be higher. If the 
COC was higher than the Average COC then this is an indication of corrosion taking place. All other metals 
were 0.00 mg/L in the cooling tower samples. 
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Table B-4: IWT, Champaign ROB, Cold Dist., Polishing Soft Water and Makeup Water: May to October 2015 
Date 5/7/2015 6/4/2015 7/7/2015 8/5/2015 9/3/2015 10/6/2015 
  Soft Water 
 
Soft Water 
 
Soft Water 
 
Soft Water 
 
Soft Water 
 
Soft Water 
Water Type Cold Polish Cold Polish Makeup Cold Polish Makeup Cold Polish Makeup Cold Polish Makeup Cold Polish Makeup 
P-Alkalinity1 (as CaCO3) mg/L 15 4 11 12 28 13 15 17 20 15 16 16 19 34 17 18 23 
M-Alkalinity1 (as CaCO3) mg/L 152 146 160 162 178 164 162 170 160 158 160 156 158 172 170 170 178 
Chloride1(as Cl) mg/L 27 18 38 30 30 32 31 32 31 31 31 28 28 27 25 28 25 
Sulfate2 (as SO4) mg/L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
                  
Total Hardness1(as CaCO3) mg/L 94 0 96 0 0 88 0 0 92 0 0 88 0 0 102 0 0 
Total Hardness2(as CaCO3) mg/L 93.39 0 98 0 0.42 87.67 0.08 0.24 85.9 0.52 0.36 79.38 0.13 0.11 96.17 0.39 0.25 
Calcium  Hardness1(as CaCO3) mg/L 34 
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Calcium  Hardness2(as CaCO3) mg/L 34.44 0 36.78 0 0.15 32.99 0.08 0.09 32.1 0.33 0.11 28.98 0.13 0.11 36.28 0.18 0.09 
Magnesium Hardness2(as CaCO3) mg/L 58.95 0 61.22 0 0.26 54.67 0 0.14 53.8 0.19 0.25 50.4 0 0 59.88 0.21 0.16 
                  
Nitrate3 (as NO3) mg/L 0.8 0.8 0.6 0.7 
 
0.7 0.7 0.7 0.6 0.8 0.8 0.9 1.2 1.2 1 1.4 1.2 
Ammonia3 (as NH4) mg/L <0.1 0.2 <0.1 0.1 
 
0.2 0.4 0.6 0.4 0.6 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Iron2 (as Fe) mg/L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.03 0 
Copper2 (as Cu) mg/L 0.01 0 0 0.01 0.01 0.01 0 0.01 0.01 0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Zinc2 (as Zn) mg/L 0.02 0 0 0 0 0.01 0 0 0 0 0 0 0 0 0.01 0 0 
Molybdenum2 (as Mo) mg/L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aluminum2 (as Al) mg/L 0 0 0 0 0 0 0 0 0 0 0 0.07 0 0.05 0 0 0 
Titanium2 (as Ti) mg/L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chromium2 (as Cr) mg/L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Manganese2 (as Mn) mg/L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lithium2 (as Li) mg/L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sodium2 (as Na) mg/L 38 83.4 52.5 97.6 104.8 56 101.2 100.2 50 90.9 94.4 54.4 97.3 100.3 48.9 97.7 103.6 
Potassium2 (as K) mg/L 2.4 0.1 2.6 0.1 0.1 2.7 0.3 0.3 2.4 0.2 0.2 2.7 0.1 0.1 2.3 0.1 0.1 
Boron2 (as B) mg/L 0.41 0.42 0.41 0.41 0.4 0.37 0.38 0.37 0.43 0.43 0.43 0.44 0.45 0.44 0.43 0.43 0.43 
Strontium2 (as Sr) mg/L 0.14 0 0.15 0 0 0.14 0 0 0.13 0 0 0.13 0 0 0.14 0 0 
Barium2 (as Ba) mg/L 0.06 0 0.06 0 0 0.05 0 0 0.06 0 0 0 0 0 0.06 0 0 
Thallium2 (as Tl) mg/L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                  
Silica3 (as SiO2) mg/L 9 10 10 10 34 8 8 16 8 8 8 8 8 8 10 10 31 
Silica2 (as SiO2) mg/L 8.9 8.9 9.7 9.5 33 7.8 7.8 14.6 7.7 7.7 7.6 7.2 7.3 32.4 9.6 9.6 29.5 
Total Phosphate2(as PO4) mg/L 0 0 0 0 0 0 0 0 0 0 0 0 0.29 0 0 0 0 
Total Phosphate3(as PO4) mg/L 0.11 0.08 0.16 0.16 
 
0.11 0.15 0.17 0.09 0.2 0.12 0.13 0.1 0.35 0.11 0.23 0.37 
                  
pH1 8.68 8.77 8.73 8.85 9.16 8.65 8.78 9 8.7 8.82 8.82 8.75 8.86 9.19 8.78 8.92 9.18 
Temp°C1 21.4 21.5 22.7 22.5 22.1 22 21.8 21.9 22.7 22.2 22.3 22.7 22.7 22.7 21.9 21.9 21.8 
Total Dissolved Solids3 mg/L 190 206 219 239 
 
217 239 296 206 226 225 210 229 268 212 235 267 
Conductivity1  µS/cm 345 349 406 416 442 412 416 427 389 393 393 518 414 475 400 408 432 
Total Suspended Solids3 mg/L 3 1 0 2 2 3 0 0 1 1 1 0 0 0 0 0 0 
Turbidity NTU 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 
Free Cl21 (as ppm) 1 1.5 0.5 0.5 <0.1 1.7 1.7 1.5 1.5 1 1 1 1 1 1 0.3 0.3 
Total Cl21 (as ppm) 1 1.5 0.5 0.5 <0.1 1.7 1.7 1.6 1.5 1 1 1.2 1.2 1.2 1.2 0.3 0.3 
Total NVOC (as ppm)         1.36 1.84 1.53       
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Table B-5: IWT and WCTI, Champaign ROB, Cold Dist/Polishing Softener and Makeup: April to October 2015.  
Date Testing Agency Water Type Total Hardness1 (as CaCO3) mg/L Total Hardness2 (as CaCO3) mg/L pH1 Total Dissolved Solids3 mg/L 
4/21/2015 IWT Hard Cold 84 
  
 
Soft Polishing Trace 
   
WCTI Hard Cold 90 
 
9 212 
Soft Polishing 0 
 
9.1 221 
5/7/2015 IWT Hard Cold 94 93.39 8.68 190 
Soft Polishing 0 0 8.77 206 
Makeup 
    
WCTI Hard Cold 100 
 
8.9 228 
Soft Polishing 0 
 
9 235 
5/19/2015 IWT Hard Cold 96 
 
8.73 
 
Soft Polishing 0 
 
8.85 
 
Makeup 
    
WCTI Hard Cold 1004 
 
8.9 247 
Soft Polishing 0 
 
9 256 
6/4/2015 IWT Hard Cold 96 
 
8.73 219 
Soft Polishing 0 
 
8.85 239 
Makeup 0 
 
9.16 --- 
WCTI Hard Cold 100 
 
8.9 268 
Soft Polishing 0 
 
9.3 290 
6/11/2015 IWT Hard Cold 98 
 
8.72 
 
Soft Polishing 0 
 
8.85 
 
Makeup 0 
 
9.16 
 
WCTI Hard Cold 1004 
 
9 260 
Soft Polishing 0 
 
9.2 270 
6/24/2015 IWT Hard Cold 96 98 8.81 
 
Soft Polishing 0 0 8.98 
 
Makeup 0 0.42 9.22 
 
WCTI Hard Cold 1004 
 
8.6 277 
Soft Polishing 0 
 
8.6 288 
7/7/2015 IWT Hard Cold 88 87.67 8.65 217 
Soft Polishing 0 0.08 8.78 239 
Makeup 0 0.24 9 296 
WCTI Hard Cold 80 
 
8.9 262 
Soft Polishing 0 
 
9 268 
7/17/2015 IWT Hard Cold 96 
 
8.7 
 
Soft Polishing 0 
 
8.85 
 
Makeup 0 
 
8.89 
 
WCTI Hard Cold 100 
 
8.9 289 
Soft Polishing 0 
 
9 288 
8/5/2015 IWT Hard Cold 92 85.9 8.7 206 
Soft Polishing 0 0.52 8.82 226 
Makeup 0 0.36 8.82 225 
WCTI Hard Cold 100 
 
9.2 254 
Soft Polishing 0 
 
9.2 301 
8/20/2015 IWT Hard Cold 92 
 
8.86 
 
Soft Polishing 0 
 
8.91 
 
Makeup 0 
 
8.97 
 
WCTI Hard Cold 80 
 
9.3 260 
Soft Polishing 0 
 
9.3 318 
9/3/2015 IWT Hard Cold 88 79.38 8.75 210 
Soft Polishing 0 0.13 8.86 229 
Makeup 0 0.11 9.19 268 
WCTI Hard Cold 805 
 
8.8 260 
Soft Polishing 0 
 
8.9 264 
9/15/2015 IWT Hard Cold 112 
 
8.61 
 
Soft Polishing 0 
 
8.77 
 
Makeup 0 
 
9.04 
 
WCTI Hard Cold 1206 
 
8.8 273 
Soft Polishing 0 
 
9 302 
10/6/2015 IWT Hard Cold 102 96.16 8.78 212 
Soft Polishing 0 0.39 8.92 235 
Makeup 0 0.25 9.18 267 
WCTI Hard Cold 100 
 
8.8 265 
Soft Polishing 0 
 
9.2 275 
1Field/Immediate Test. 2ICP. 3Lab Test. 4Recorded as 50. 5Recorded as 40. 6Recorded as 60 
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Table B-6: IWT, Champaign ROB, Cooling Tower Water, May to October 2015. 
1Field/Immediate Test, 2ICP, 3Lab Test, 4Chloride: Depending on the source well, values will vary which makes it difficult to use as a Cycles of Concentration (COC) 
benchmark, 5Sulfate: Values near detection limit (0.5-0.6 mg/L) which makes it difficult to use as a COC benchmark. 6If makeup water was 0.01 mg/L. 7Filter blank 
estimated before 8/1/2014, 8/1/2014 to present filter prewashed. 8Used Polishing Softener to calculate COC. 
 
 
Table B-7: Average COC, Champaign ROB: May to October 2015. 
Date 5/7/15 COC 6/4/15 COC 7/7/15 COC 8/5/15 COC 9/3/15 COC 10/6/15 COC 
M-Alkalinity1 (as CaCO3) mg/L 780 5.3 780 4.3 2970 17.5 9500 59.4 1540 9.0 800 4.5 
Chloride1,4(as Cl) mg/L 100 5.5 137 4.6 490 15.3 2050 66.1 221 8.2 93 3.7 
Sodium2 (as Na) mg/L 430.9 5.2 498.7 4.8 1784.4 17.8 5608.8 59.4 828.7 8.3 395.1 3.8 
Potassium2 (as K) mg/L 1.2 12.0 0.6 6.0 4.8 16.0 7.9 39.5 1.5 15.0 0.6 6.0 
Boron2 (as B) mg/L 2.32 5.5 2.21 5.5 7.97 21.5 24.09 56.0 3.98 9.0 1.90 4.4 
Total Dissolved Solids3 mg/L 1130 5.5 1342 5.68 4486 15.2 13,904 61.8 2312 8.6 1100 4.1 
Conductivity1  µS/cm 1824 5.2 2062 4.7 6619 15.5 19,010 48.4 3345 7.0 1672 3.9 
Average COC *  5.4  5.0  16.4  57.0  8.6  4.1 
*Highest and lowest COC omitted in case of errors in analysis or sampling, TDS and Conductivity included. 1Field/Immediate Test, 2ICP, 3Lab Test, 4Chloride: Depending 
on the source well, values will vary which makes it difficult to use as a Cycles of Concentration (COC) benchmark, 5Sulfate: Values near detection limit (0.5-0.6 mg/L) 
which makes it difficult to use as a COC benchmark. 6If makeup water was 0.01 mg/L. 7Filter blank estimated before 8/1/2014, 8/1/2014 to present filter prewashed. 
8Used Polishing Softener to calculate COC. 
Date 5/7/15 COC 6/4/15 COC 7/7/15 COC 8/05/15 COC 9/3/15 COC 10/6/15 COC 
P-Alkalinity1 (as CaCO3) mg/L 100 25.0 107 3.8 790 46.5 3200 200.0 250 7.4 66 2.8 
M-Alkalinity1 (as CaCO3) mg/L 780 5.3 780 4.3 2970 17.5 9500 59.4 1540 9.0 800 4.5 
Chloride1,4(as Cl) mg/L 100 5.5 137 4.6 490 15.3 2050 66.1 221 8.2 93 3.7 
Sulfate2,5 (as SO4) mg/L 4 --- 4 --- 18 --- 42 --- 8 --- 11 11.0 
             
Total Hardness1(as CaCO3) mg/L 47 --- 28 --- 22 --- 23 --- 29 --- 22 --- 
Total Hardness2(as CaCO3) mg/L 44.76 --- 27.00 64.3 17.55 73.1 23.17 64.4 23.71 216.1 25.06 100.2 
Calcium  Hardness1(as CaCO3) mg/L 15 ---       18 --- 21 --- 
Calcium  Hardness2(as CaCO3) mg/L 14.02 --- 13.21 88.0 11.26 125.1 13.30 120.9 18.25 165.9 18.09 201.0 
Magnesium Hardness2(as CaCO3) mg/L 30.74 --- 13.79 53.0 6.28 44.9 9.87 39.5 5.44 --- 6.98 43.6 
             
Nitrate3 (as NO3) mg/L 2.6 3.3 2.2 --- 8.8 12.6 23.2 29.0 3.0 2.5 2.1 1.8 
Ammonia3 (as NH4) mg/L <0.1 --- <0.1 --- 0.4 0.7 0.4 0.8 <0.1 --- 0.5 --- 
Iron2 (as Fe) mg/L 0.03 3.06 0.04 4.06 0.00 --- 0.25 25.06 0.00 --- 0.06 6.06 
Copper2 (as Cu) mg/L 0.21 21.06 0.13 13.0 0.28 28.0 0.68 68.06 0.05 5.0 0.04 4.0 
Zinc2 (as Zn) mg/L 0.06 6.06 0.05 5.06 0.09 9.06 0.13 13.06 0.05 5.06 0.02 2.06 
Molybdenum2 (as Mo) mg/L 0.04 4.06 0.03 3.06 0.10 10.06 0.36 36.06 0.05 5.06 0.00 --- 
Aluminum2 (as Al) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Titanium2 (as Ti) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.01 1.06 0.00 --- 
Chromium2 (as Cr) mg/L 0.06 6.06 0.03 3.06 0.32 32.06 0.48 48.06 0.04 4.06 0.02 2.06 
Manganese2 (as Mn) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Lithium2 (as Li) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Sodium2 (as Na) mg/L 430.9 5.2 498.7 4.8 1784.4 17.8 5608.8 59.4 828.7 8.3 395.1 3.8 
Potassium2 (as K) mg/L 1.2 12.0 0.6 6.0 4.8 16.0 7.9 39.5 1.5 15.0 0.6 6.0 
Boron2 (as B) mg/L 2.32 5.5 2.21 5.5 7.97 21.5 24.09 56.0 3.98 9.0 1.90 4.4 
Strontium2 (as Sr) mg/L 0.10 --- 0.08 8.06 0.05 5.06 0.08 8.06 0.07 7.06 0.07 7.06 
Barium2 (as Ba) mg/L 0.04 --- 0.03 3.06 0.02 2.06 0.00 --- 0.02 2.06 0.02 2.06 
Thallium2 (as Tl) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
             
Silica3 (as SiO2) mg/L 53 5.3 137 4.0 246 15.4 247 30.9 173 4.8 108 3.5 
Silica2 (as SiO2) mg/L 46.4 5.2 125.9 3.8 250.9 17.2 338.7 44.6 228.8 7.1 103.9 3.5 
Tolytriazole ppm 0.0 --- 0.0 --- 15.0 --- 1.5 --- 8.6 --- 6.0 --- 
Total Phosphate2(as PO4) mg/L 0.85 --- 1.18 --- 6.12 --- 18.64 --- 1.00 --- 1.00 --- 
Total Phosphate3(as PO4) mg/L 1.16 14.5 2.09 --- 7.81 45.9 18.66 155.5 2.23 6.4 1.83 4.9 
             
pH1 9.30 --- 9.26 --- 9.64 --- 9.82 --- 9.37 --- 9.17 --- 
Temp°C1 21.3 --- 21.6 --- 21.9 --- 22.0 --- 22.7 --- 22.0 --- 
Total Dissolved Solids3 mg/L 1130 5.5 1342 5.68 4486 15.2 13,904 61.8 2312 8.6 1100 4.1 
Conductivity1  µS/cm 1824 5.2 2062 4.7 6619 15.5 19,010 48.4 3345 7.0 1672 3.9 
Total Suspended Solids3,7 mg/L 3 3.0 28 14.0 19 --- 5 5.0 2 --- 6 --- 
Turbidity NTU 1 --- 1 1.0 8 8.0 2 --- 1 --- 4 --- 
Total NVOC ppm       44.7 29.2     
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Table B-8: Hardness/Calcium Scaling and COC, Champaign ROB: May to October 2015. 
Date 
Total Hardness1 
(as CaCO3) 
mg/L 
Total Hardness2 
(as CaCO3) mg/L 
Calcium  
Hardness1 
(as CaCO3) mg/L 
Calcium  
Hardness2 
(as CaCO3) mg/L 
Magnesium 
Hardness2 
(as CaCO3) mg/L 
Average 
COC * 
Notes 
5/7/2015 47 44.76 15 14.02 30.74  
The high hardness (Calcium and Magnesium) in this sample 
indicates that calcium and magnesium scale remaining in the 
tower was dissolving because the source of the hardness was 
not the softener/makeup water. The total Hardness, Calcium 
and Magnesium was 0.00 mg/L in the makeup water. 
COC --- --- --- --- --- 5.4 
6/4/2015 28 27   13.21 13.79  
The tower has been running enough to where I think that the 
dissolving of previous scale is a minimum. Good agreement 
between titrations and ICP. The Hardness COC (Softened 
Makeup Water = 0.42 mg/L-ICP) was much higher than the 
average COC. This indicates that the average output of the 
softener was higher than the value tested. 
COC --- 64.3   88 53 5 
7/7/2015 22 17.55   11.26 6.28  
Good agreement between titrations and ICP. The Hardness 
COC (Softened Makeup Water = 0.24 mg/L-ICP) was much 
higher than the average COC. This indicates that the average 
output of the softener was higher than the value tested. 
COC --- 73.1   125.1 44.9 16.4 
8/5/2015 23 23.17   13.3 9.87   
Good agreement between titrations and ICP. The Hardness 
COC (Softened Makeup Water = 0.36 mg/L-ICP) was similar 
to the average COC. This indicates that the average output of 
the softener was equal to the value tested. 
COC --- 64.4   120.9 39.5 57 
9/3/2015 29 23.71 18 18.25 5.44   
Acceptable agreement between titrations and ICP. The 
Hardness COC (Softened Makeup Water = 0.11 mg/L-ICP) 
was much higher than the average COC. This indicates that 
the average output of the softener was higher than the value 
tested. 
COC --- 216.1 --- 165.9 --- 8.6 
10/6/2015 22 25.06 21 18.09 6.98   
Good agreement between titrations and ICP. The Hardness 
COC (Softened Makeup Water = 0.09 mg/L-ICP) was much 
higher than the average COC. This indicates that the average 
output of the softener was higher than the value tested 
COC --- 100.2 --- 201 43.6 4.1 
*From overall COC. 1Field/Immediate Test, 2ICP 
 
 
 
Table B-9: Metals and COC, Champaign ROB: May to October 2015. 
Date 5/7/15 COC 6/4/15 COC 7/7/15 COC 8/5/15 COC 9/3/15 COC 10/6/15 COC 
Iron2 (as Fe) 
mg/L 
0.03 3.06 0.04 4.06 0.00 --- 0.25 25.06 0.00 --- 0.06 6.06 
Copper2 (as Cu) 
mg/L 
0.21 21.06 0.13 13.0 0.28 28.0 0.68 68.06 0.05 5.0 0.04 4.0 
Zinc2 (as Zn) 
mg/L 
0.06 6.06 0.05 5.06 0.09 9.06 0.13 13.06 0.05 5.06 0.02 2.06 
Molybdenum2 
(as Mo) mg/L 
0.04 4.06 0.03 3.06 0.10 10.06 0.36 36.06 0.05 5.06 0.00 --- 
Titanium2 (as 
Ti) mg/L 
        0.01 1.06 0.00 --- 
Chromium2 (as 
Cr) mg/L 
0.06 6.06 0.03 3.06 0.32 32.06 0.48 48.06 0.04 4.06 0.02 2.06 
Average COC *  5.4  5.0  16.4  57.0  8.6  4.1 
Notes  Iron was low in all samples and below the average COC, which indicated minimal corrosion. 
 Copper COC was above the average in all samples between May and August, which indicated that copper corrosion may have been 
occurring. Copper COC was at or below the average in all samples between September and October, which indicated minimal corrosion. 
 Zinc COC was at or below the average COC, indicating minimal corrosion. 
 Molybdenum COC was close to or below the average COC, indicating minimal corrosion. 
 Titanium COC was below the average COC, indicating minimal corrosion. 
 Chromium COC was close to the average COC, indicating minimal corrosion for all but the July 7, 2015 sample. The estimated COC 
(32.0) was about twice as high as the Average COC (14.4) which indicates some corrosion may have been occurring. 
*From overall COC. 1Field/Immediate Test, 2ICP, 3Lab Test, 4Chloride: Depending on the source well, values will vary which makes it difficult to use as a Cycles of 
Concentration (COC) benchmark, 5Sulfate: Values near detection limit (0.5-0.6 mg/L) which makes it difficult to use as a COC benchmark. 6If makeup water was 0.01 
mg/L. 7Filter blank estimated before 8/1/2014, 8/1/2014 to present filter prewashed. 8Used Polishing Softener to calculate COC. 
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Corrosion Coupons & Corrosion Inhibitors 
The mild steel and copper corrosion coupons were installed in 2014 as a baseline of no treatment, continuous 
blowdown for 13, 29 and 42 days. A similar time frame was used for the 2015 season of zero blowdown.  
 
The hardness, silica, tolytriazole/benzotriazole, pH and total dissolved solids results of the IWT and WCTI 
cooling tower tests are compared in Table B-10. 
 
Weekly Silica Levels and COC 
Silica is the steel corrosion inhibitor and the recommended level is 200-400 mg/L. The silica levels and COC are 
noted in Table B-11. Silica was pumped to the makeup water that fed the tower. Because the city water 
contained 8-10 mg/L silica the tower conductivity COC had more impact on silica levels (Silica IWT-Lab) than 
the silica addition (Figure B-2). Silica was within range 42% of the time. 
 
Mild Steel Corrosion Coupons  
Most corrosion occurs in the first days, therefore, it is expected that as the days of exposure increases, the 
corrosion rate decreases. Silica levels are the primary factor in mild steel corrosion rates. All the excellent to 
very good corrosion rates had an average silica mg/L at or close to the recommended 200-400 mg/L (Figure B-
3). The only other coupon that had average Silica mg/L within the recommended range, but was moderate to 
fair corrosion rate was installed for only 13 days. The mild steel corrosion rates are found in Figure B-4 and 
Tables B-12 and B-13. 
 
The iron levels were low, between 0.00-0.06 mg/L in all samples except 1 which was higher at 0.25 mg/L. The 
tower was operating between 4.1 and 57.0 COC, so at higher COC undetected Iron in the makeup water would 
cycle up and not be a corrosion product. 
 
Weekly Tolytriazole Levels and COC 
This is the copper corrosion inhibitor. Only on a few occasions did tolytriazole reach the recommended levels 
of 10-20 ppm (Tables B-14 and Figure B-5). This was because even though tolytriazole was been added, the 
unregulated blowdown removed it. The tolytriazole was within range only 8% of the time. The tower 
decreased in COC due to unregulated draining and filling when the tower was offline, but was able to reach 
the recommended COC for a few weeks. Tolytriazole was being added and reached the recommended level 
one time but this may be due to sample collection after addition. The tower decreased in COC due to 
unregulated draining and filling when the tower was offline. Tolytriazole was added but reached the 
recommended level only once. Tower was able to cycle up under low load because the float did not allow 
unregulated draining and filling when the tower was offline. Tolytriazole reached the recommended level 
10/6/2015. 
 
Copper Corrosion Coupons 
The copper corrosion coupons were installed and removed for the same period of time as the mild steel 
coupons. The corrosion rates for copper are found in Figure B-6 and Table B-15. Most corrosion occurs in the 
first days, therefore, it is expected that as the days of exposure increases, the corrosion rate decreases. This 
was the case since all the coupons that were Excellent or Very Good were installed 20-49 days (Table B-16). All 
the coupons that were Moderate to Fair and Poor were installed 11-13 days. Tolytriazole provided some 
protection but was rarely within the recommended range (Figure B-7) because the unregulated blowdown 
decreased the tolytriazole added to the tower. 
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Table B-10: IWT and WCTI Champaign ROB, Cooling Tower Water: April to October 2015. 
Date Testing 
Agency 
Total 
Hardness1 
(as CaCO3) 
mg/L 
Total 
Hardness2 
(as CaCO3) 
mg/L 
Silica3 
(as SiO2) 
mg/L 
Silica2 
(as SiO2) 
mg/L 
Tolytriazole 
ppm 
Benzotriazole 
ppm4 
pH1 Total 
Dissolved 
Solids3 
mg/L 
Notes 
4/21/2015 IWT 33 
       
Hardness: Satisfactory agreement with IWT titration and WCTI. Hardness was above WCTI target (30 mg/L), 
due to dissolved hardness scale in the tower. 
Silica: IWT test were not run on this sample. WCTI levels were low because the tower was recently filled. 
Tolytriazole/Benzotriazole: WCTI levels were extremely low because the tower was recently filled. 
Total Dissolved Solids (TDS): WCTI levels were extremely low because the tower was recently filled. 
Cycles of Concentration (COC): WCTI levels were extremely low because the tower was recently filled. 
COC 
        
WCTI 50 --- --- 25 5 0 9.1 300 
COC --- --- --- --- --- 
 
--- 1.4 
5/7/2015 IWT 47 44.76 53 46.6 0 0 9.3 1130 Hardness: Good agreement with IWT titration and ICP with WCTI. Hardness was above WCTI target (30 
mg/L), due to dissolved hardness scale in the tower. 
Silica: Satisfactory agreement between IWT lab test and ICP with WCTI, below recommended levels of 200-
400 mg/L 
Tolytriazole/Benzotriazole: None present. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, below recommended levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, below recommended levels. 
COC --- --- 5.3 5.2 --- 
 
--- 5.5 
WCTI 40 
 
30 
 
5 0 9.4 1300 
COC --- 
 
--- 
 
--- 
 
--- 5.5 
5/19/2015 IWT 26 
 
46 
 
1 1.8 9.25 
 
Hardness: Good agreement with IWT titration with WCTI. Hardness was satisfactory, below WCTI target (30 
mg/L). 
Silica: IWT lab test read lower than WCTI test, but both were way below recommended levels of 200-400 
mg/L 
Tolytriazole/Benzotriazole: Slight amount present IWT, none present WCTI. 
Total Dissolved Solids (TDS): Only WCTI values, below recommended levels. 
Cycles of Concentration (COC): Only WCTI values, below recommended levels. 
COC --- 
 
4.6 
 
--- 
 
--- 
 
WCTI 25 
 
35 
 
5 0 9.4 905 
COC --- 
 
--- 
 
--- 
 
--- 3.5 
6/4/2015 IWT 28 27 137 125.9 0 0 9.26 1342 Hardness: Good agreement with IWT titration and ICP with WCTI. Hardness was near WCTI target (30 mg/L), 
probably due to dissolved hardness scale in the tower. 
Silica: Satisfactory agreement between IWT lab test and ICP with WCTI, below but approaching 
recommended levels of 200-400 mg/L 
Tolytriazole/Benzotriazole: None present. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, below recommended levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, below recommended levels. 
COC --- 64.3 4 3.8 --- 
 
--- 5.6 
WCTI 30 
 
140 
 
5 0 9.5 1488 
COC --- 
 
--- 
 
--- 
 
--- 5.1 
6/11/2015 IWT 18 
 
158 
 
0.5 0.9 9.36 
 
Hardness: Good agreement with IWT titration with WCTI. Hardness was satisfactory, below WCTI target (30 
mg/L). 
Silica: Good agreement with IWT lab test with WCTI test, but both were below recommended levels of 200-
400 mg/L 
Tolytriazole/Benzotriazole: Slight amount present IWT, none present WCTI. 
Total Dissolved Solids (TDS): Only WCTI values, below recommended levels. 
Cycles of Concentration (COC): Only WCTI values, below recommended levels. 
COC --- 
 
15.8 
 
--- 
 
--- 
 
WCTI 20 
 
150 
 
5 0 9.5 1340 
COC --- 
 
--- 
 
--- 
 
--- 5 
6/24/2015 IWT 29 
 
271 
 
3 5.3 9.81 
 
Hardness: IWT titration above WCTI. Hardness was satisfactory, below WCTI target (30 mg/L). 
Silica: IWT lab test read lower than WCTI test, but both were within recommended levels of 200-400 mg/L 
Tolytriazole/Benzotriazole: Good agreement between IWT and WCTI tests. below the recommended levels 
of 10-20 mg/L. 
Total Dissolved Solids (TDS): Only WCTI values, within recommended levels >10,000 mg/L. 
Cycles of Concentration (COC): Only WCTI values, within recommended levels >20 COC 
COC --- 
 
30.1 
 
--- 
 
--- 
 
WCTI 5 
 
400 
 
2.95 5 9.9 12,330 
COC 
       
42.8 
7/7/2015 IWT 22 17.55 246 250.9 15 26.3 9.64 4486 Hardness: IWT titration and ICP above WCTI. Hardness was satisfactory, below WCTI target (30 mg/L). 
Silica: Good agreement between IWT lab test and ICP with WCTI, within the recommended levels of 200-400 
mg/L 
Tolytriazole/Benzotriazole: IWT levels much higher (and within range) than WCTI which was below the 
COC --- 73.1 15.4 17.2 --- 
 
--- 15.2 
WCTI 8 
 
235 
 
1.15 2 9.8 5110 
43 
 
COC --- 
 
--- 
 
--- 
 
--- 19.1 recommended levels of 10-20 mg/L. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, below recommended levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, below recommended levels. 
7/17/2015 IWT 22 
 
279 
 
3.5 6.1 9.73 
 
Hardness: IWT titration above WCTI. Hardness was satisfactory, below WCTI target (30 mg/L). 
Silica: Good agreement with IWT lab test with WCTI test, within the recommended levels of 200-400 mg/L 
Tolytriazole/Benzotriazole: IWT level was about 2 times higher than WCTI but both were below the 
recommended levels of 10-20 mg/L. 
Total Dissolved Solids (TDS): Only WCTI values, close to the recommended levels >10,000 mg/L. 
Cycles of Concentration (COC): Only WCTI values, within recommended levels >20 COC. 
COC --- 
 
34.9 
 
--- 
 
--- 
 
WCTI 10 
 
280 
 
1.75 3 9.9 8,332 
COC --- 
 
--- 
 
--- 
 
--- 28.9 
8/5/2015 IWT 23 23.17 247 338.7 1.5 2.6 9.82 13,904 Hardness: Good agreement between IWT titration and ICP and WCTI. Hardness was satisfactory, below WCTI 
target (30 mg/L). 
Silica: Good agreement between IWT ICP and WCTI, while the IWT lab test was lower, but all were within the 
recommended levels of 200-400 mg/L. 
Tolytriazole/Benzotriazole: Good agreement between IWT and WCTI, below the recommended levels of 10-
20 mg/L. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, within recommended levels 
>10,000 mg/L. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, within recommended levels 
>20 COC. 
COC --- --- 30.9 44.6 --- 
 
--- 61.8 
WCTI 25 
 
350 
 
1.15 2 10 17,000 
COC --- 
 
--- 
 
--- 
 
--- 56.5 
8/20/2015 IWT 16 
 
208 
 
2 3.5 9.91 
 
Hardness: IWT titration above WCTI. Hardness was satisfactory, below WCTI target (30 mg/L). 
Silica: Satisfactory agreement with IWT lab test with WCTI test, within the recommended levels of 200-400 
mg/L 
Tolytriazole/Benzotriazole: IWT level was higher than WCTI but both were below the recommended levels 
of 10-20 mg/L. 
Total Dissolved Solids (TDS): Only WCTI values, within the recommended levels >10,000 mg/L. 
Cycles of Concentration (COC): Only WCTI values, within recommended levels >20 COC. 
COC --- 
 
26 
 
--- 
 
--- 
 
WCTI 0 
 
230 
 
5 0 10.1 11,310 
COC --- 
 
--- 
 
--- 
 
--- 35.6 
9/3/2015 IWT 29 23.71 173 228.8 8.6 15.1 9.37 2,312 Hardness: IWT titration and ICP above WCTI. Hardness was satisfactory, below WCTI target (30 mg/L). 
Silica: Poor agreement between IWT lab test and ICP and WCTI, while the IWT lab test was lower, the IWT 
ICP and WCTI tests were within the recommended levels of 200-400 mg/L. 
Tolytriazole/Benzotriazole: IWT level was higher than WCTI, but both were below the recommended levels 
of 10-20 mg/L. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, below recommended levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, below recommended levels. 
COC --- 216.1 4.8 7.1 --- 
 
--- 8.6 
WCTI 15 
 
320 
 
2.35 4 9.4 2,500 
COC --- 
 
--- 
 
--- 
 
--- 9.5 
9/15/2015 IWT 13 
 
89 
 
3.5 6.1 9.26 
 
Hardness: IWT titration above WCTI. Hardness was satisfactory, below WCTI target (30 mg/L). 
Silica: Poor agreement between IWT lab test and WCTI, the IWT lab test was lower, and both tests were 
below the recommended levels of 200-400 mg/L. 
Tolytriazole/Benzotriazole: Good agreement between IWT and WCTI, but both were below the 
recommended levels of 10-20 mg/L. 
Total Dissolved Solids (TDS): Only WCTI values, below recommended levels. 
Cycles of Concentration (COC): Only WCTI values, below recommended levels. 
COC --- 
 
21.6 
 
--- 
 
--- 
 
WCTI 0 
 
155 
 
4.05 7 9.2 878 
COC --- 
 
--- 
 
--- 
 
--- 2.9 
10/6/2015 IWT 22 25.06 108 103.9 6 10.5 9.17 1100 Hardness: IWT titration and ICP above WCTI. Hardness was satisfactory, below WCTI target (30 mg/L). 
Silica: Good agreement between IWT lab and ICP test, but much lower than WCTI tests. Only the WCTI test 
was within the recommended levels of 200-400 mg/L. 
Tolytriazole/Benzotriazole: IWT level was about 50% lower than WCTI level, which was within the 
recommended levels of 10-20 mg/L. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, below recommended levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, below recommended levels. 
COC --- 100.2 3.5 3.5 --- 
 
--- 4.1 
WCTI 0 
 
205 
 
12.55 22 9.2 1195 
COC --- 
 
--- 
 
--- 
 
--- 4.3 
1Field/Immediate Test. 2ICP. 3Lab Test. 4WCTI actually measured Benzotriazole and IWT Benzotriazole is 175% of Tolytriazole. 5Tolytriazole is calculated from Benzotriazole.  
 
 
44 
 
Table B-11: Silica (SiO2, mg/L) Levels and IWT Conductivity COC: April 24 to October 23, 2015. 
Date Silica IWT-Lab Silica IWT-ICP Silica WCTI COC Notes 
4/24/2015 12 
 
251 1 4/21/15: Silica Pump set at 50/50 (Pump/Stroke) but later found to be defective. 
4/24/2015: The tower was cycling up slowly due to unregulated draining and filling 
when the tower was offline. 
5/1/2015 13 
  
1.2 
 
5/7/2015 53 46.4 30 5.2 Tower blown down to reduce hardness. Silica pump replaced and set at 20/20 
(Pump/Stroke). 
5/14/2015 45 
  
2.8 5/11/15: Tower blown down after sample collected to reduce hardness. 
5/19/2015 46 
 
35 3.2 Silica Pump was increased from 20/20 to 40/40 (Volume/Stroke). 
5/28/2015 161 
  
6.9 
 
6/4/2015 137 125.9 140 4.7 The tower decreased in COC due to unregulated draining and filling when the tower 
was offline. 
6/11/2015 158 
 
150 4.4 
 
6/18/2015 250 
  
20.5 
 
6/24/2015 271 
 
400 31.3 6/24/15: Silica Pump reset to 20/20 (Volume/Stroke) 6/26/15: Unplugged Silica pump. 
6/29/15: Plugged in Silica Pump set at 20/20 (Volume/Stroke). 
7/2/2015 222 
  
18.2 
 
7/7/2015 246 250.9 235 15.5 
 
7/17/2015 279 
 
280 23.4 
 
7/23/2015 285 
  
34.3 The tower decreased in COC due to unregulated draining and filling when the tower 
was offline. 
7/30/2015 280 
  
40.3 7/31/15: Unplugged Silica pump. 
8/5/2015 247 338.7 350 48.4 
 
8/13/2015 329 
  
43.5 
 
8/20/2015 208 
 
230 33.5 8/20/15: Tower offline but draining and refilling. 8/24/15: Silica Pump plugged in 
20/20 (Volume /Stroke). 
8/27/2015 41 
  
2.6 8/28/15: Silica Pump Volume/Stroke increased to 50/50. 
9/3/2015 173 228.8 320 7 Unplugged Silica pump. 
9/10/2015 207 
  
12.5 9/9/15: Plugged in Silica Pump, Volume/Stroke (50/50). 
9/15/2015 89 
 
155 2.9 
 
9/24/2015 124 
  
3.6 9/30/15: Tower was not running but draining and refilling at 3 GPM. 
10/1/2015 48 
  
1.9 Float Replaced, no water draining or refilling when off line. Tower was able to cycle up 
under low load because the float did not allow unregulated draining and filling when 
the tower was offline. 
10/6/2015 108 103.9 205 3.9 
 
10/15/2015 170 
  
9.6 
 
10/23/2015 186 
  
11.9 
 
Silica Recommended Levels 200-400 mg/L and COC Recommended Levels >20COC (in Bold) 14/21/15 
 
 
 
 
Figure B-2: Silica & COC of Champaign ZBD Cooling Tower from April - October 2015.
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Figure B-3: Mild Steel Corrosion Coupons, Silica, & COC of Champaign ZBD Cooling Tower from April-October 
2015.  
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Very Good Excellent
Target COC /10 Target Silica (mg/L)
April 29th - May 11th, 2015 (12 Days) May 11th - May 22nd, 2015 (11 Days)
April 29th - May 28th, 2015 (29 Days) May 22nd - June 4th, 2015 (13 Days)
June 4th - June 17th, 2015 (13 Days) May 28th - June 26th, 2015 (29 Days)
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July 9th - August 7th, 2015 (29 Days) June 30th - August 11th, 2015 (42 Days)
August 7th - 20th, 2015 (13 Days) August 11th - September 22nd, 2015 (42 Days)
August 20th - October 1st, 2015 (42 Days) September 22nd - October 21st, 2015 (29 Days)
October 1st - 21st, 2015 (20 Days) Corrator Probe
COC /10 Silica (mg/L)
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Figure B-4: Mild Steel Corrosion Coupons of Champaign ZBD Cooling Tower from April - October 2015.  
 
 
Table B-12: Mild Steel Corrosion Coupon Corrosion Rates for Cooling Towers and Frequency. 
Description Mild Steel-MPY # of Coupons Days Installed Average Silica mg/L 
Excellent < 0.50 1 42 270 
Very Good 0.50 to 0.99 5 3-13, 2-29 182, 195, 248, 261, 267 
Good 1.00 to 1.99 2 20, 29 127, 128 
Moderate to Fair 2.00 to 2.99 3 2-13, 42 115, 167, 246 
Poor 3.00 to 5.00 2 29, 42 64, 127 
Very Poor to Severe > 5.00 2 11, 12 33, 46 
 
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
5.5
6
6.5
7
7.5
8
8.5
9
9.5
10
10.5
11
2
0
-A
p
r
2
7
-A
p
r
4
-M
ay
1
1
-M
ay
1
8
-M
ay
2
5
-M
ay
1
-J
u
n
8
-J
u
n
1
5
-J
u
n
2
2
-J
u
n
2
9
-J
u
n
6
-J
u
l
1
3
-J
u
l
2
0
-J
u
l
2
7
-J
u
l
3
-A
u
g
1
0
-A
u
g
1
7
-A
u
g
2
4
-A
u
g
3
1
-A
u
g
7
-S
ep
1
4
-S
ep
2
1
-S
ep
2
8
-S
ep
5
-O
ct
1
2
-O
ct
1
9
-O
ct
M
P
Y
 C
o
rr
o
si
o
n
 R
at
e
Date 2015
Very Poor to Severe Poor
Moderate to Fair Good
Very Good Excellent
April 29th - May 11th, 2015 (12 Days) May 11th - May 22nd, 2015 (11 Days)
April 29th - May 28th, 2015 (29 Days) May 22nd - June 4th, 2015 (13 Days)
June 4th - June 17th, 2015 (13 Days) May 28th - June 26th, 2015 (29 Days)
June 17th - 30th, 2015 (13 Days) June 26th - July 9th, 2015 (13 Days)
July 9th - August 7th, 2015 (29 Days) June 30th - August 11th, 2015 (42 Days)
August 7th - 20th, 2015 (13 Days) August 11th - September 22nd, 2015 (42 Days)
August 20th - October 1st, 2015 (42 Days) September 22nd - October 21st, 2015 (29 Days)
October 1st - 21st, 2015 (20 Days) Corrator Probe
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Table B-13: Champaign ROB, Cooling Tower, Zero Blowdown: 2015, Mild Steel Coupons. 
Date Installed Date Removed Days Installed MDD1 MPY2 Observations Conclusions 
4/29/2015 5/11/2015 12 36.57 6.68 Lots of soft & hard orange-brown & brown deposits with 
some areas of tubercles. 
Very Poor Protection, Very High Corrosion, some Iron present (0.03 mg/L) and Silica much 
lower (Range: 13-53 mg/L, Average: 33 mg/L) than the recommended 200-400 mg/L. 
5/11/2015 5/22/2015 11 49.90 9.11 Both soft & hard orange-brown deposits with some areas 
of tubercles. 
Extremely Poor Protection, Severe Corrosion, some Iron present (0.03 mg/L) and Silica much 
lower (Range: 45-46 mg/L, Average: 46 mg/L) than the recommended 200-400 mg/L. 
4/29/2015 5/28/2015 29 26.49 4.84 Both soft & hard orange-brown deposits with some areas 
of tubercles. 
Poor Protection, High Corrosion, some Iron present (0.03 mg/L) and Silica much lower (Range: 
13-161 mg/L, Average: 64 mg/L) than the recommended 200-400 mg/L. 
5/22/2015 6/4/2015 13 11.11 2.03 Some soft & hard orange-brown deposits and a few 
tubercles. 
Moderate Protection, Moderate Corrosion, some Iron present (0.04 mg/L) and Silica lower 
(Range: 46-161 mg/L, Average: 115 mg/L) than the recommended 200-400 mg/L. 
6/4/2015 6/17/2015 13 3.92 0.71 Some soft orange-brown deposits and discoloration 
around the insert hole only. 
Very Good Protection, Very Low Corrosion, some Iron present (0.04 mg/L) and Silica slightly 
lower to within (Range: 137-250 mg/L, Average: 182 mg/L) the recommended 200-400 mg/L. 
5/28/2015 6/26/2015 29 2.85 0.52 An orange-brown tubercle 7-8mm in diameter. Very Good Protection, Low Corrosion, some Iron present (0.04 mg/L) and Silica slightly lower 
to within (Range: 137-271 mg/L, Average: 195 mg/L) the recommended 200-400 mg/L. 
6/17/2015 6/30/2015 13 2.72 0.50 Slight orange-brown discoloration around the insert hole 
only. 
Very Good Protection, Very Low Corrosion, some Iron present (0.00-0.04 mg/L) and Silica 
within (Range: 222-271 mg/L, Average: 248 mg/L) the recommended 200-400 mg/L. 
6/26/2015 7/9/2015 13 12.56 2.29 Some soft, mostly hard orange, brown and black deposits, 
some small tubercles of similar colors. 
Moderate Protection, Moderate Corrosion. no Iron present (0.00 mg/L) and Silica within 
(Range: 222-271 mg/L, Average: 246 mg/L) the recommended 200-400 mg/L but conductivity 
and COC was low for most of the time. 
7/9/2015 8/7/2015 29 2.77 0.51 Slight brown discoloration around insert hole & a small 
area on the end of the insert only; a bit of soft brown 
deposit on the same small area at the end of the insert. 
Very Good Protection, Low Corrosion, some Iron present (0.00-0.25 mg/L) and Silica within 
(Range: 246-285 mg/L, Average: 267 mg/L) the recommended 200-400 mg/L. 
6/30/2015 8/11/2015 42 1.86 0.34 A few hard brown deposits & a 1 mm tubercle on the 
front; some yellow & brown hard tubercles/deposits on 
the back. 
Excellent Protection, Extremely Low Corrosion, some Iron present (0.00-0.25 mg/L) and Silica 
within (Range: 222-329 mg/L, Average: 270 mg/L) the recommended 200-400 mg/L. 
8/7/2015 8/20/2015 13 3.63 0.66 Slight light brown discoloration around insert hole only. Very Good Protection, Low Corrosion, some Iron present (0.25 mg/L) and Silica within (Range: 
208-329 mg/L, Average: 261 mg/L) the recommended 200-400 mg/L. 
8/11/2015 9/22/2015 42 12.99 2.37 Lots of soft & hard orange, brown & black deposits; many 
large orange & brown tubercles. 
Moderate Protection, Moderate Corrosion, some Iron present (0.00-0.25 mg/L) and Silica 
much lower to within (Range: 41-329 mg/L, Average: 167 mg/L) the recommended 200-400 
mg/L. 
8/20/2015 10/1/2015 42 19.00 3.47 Lots of soft & hard orange, brown & black deposits; many 
large orange & brown tubercles. 
Poor Protection, High Corrosion, some Iron present (0.00-0.06 mg/L) and Silica much lower to 
within (Range: 41-208 mg/L, Average: 127 mg/L) the recommended 200-400 mg/L. 
9/22/2015 10/21/2015 29 7.53 1.37 Some orange-brown soft & hard deposits; some small 
orange-brown tubercles - all on front of insert; one small 
brown tubercle & slight brown discoloration on the back. 
Good Protection, Low Corrosion, some Iron present (0.06 mg/L) and Silica much lower to 
somewhat lower than (Range: 48-186 mg/L, Average: 127 mg/L) the recommended 200-400 
mg/L. 
10/1/20156 10/21/2015 20 6.42 1.17 Some orange-brown soft & hard deposits; a few small 
orange-brown tubercles; greenish-grey discoloration of 
entire insert. 
Good Protection, Low Corrosion, some Iron present (0.06 mg/L) and Silica much lower to 
somewhat lower than (Range: 48-186 mg/L, Average: 128 mg/L) the recommended 200-400 
mg/L. 
1MDD- Milligrams of metal lost (average) per square Decimeter per Day. 
2 MPY = Mills Penetrated per Year, ((MDD) x (1.437)) / density, where density is the density of the metal in grams per cubic centimeter. 
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Table B-14: Tolytriazole/Benzotriazole (ppm) Levels and IWT Conductivity COC April to October 2015. 
Date Tolytriazole IWT Tolytriazole WCTI2 Benzotriazole IWT1 Benzotriazole WCTI1 COC notes 
4/24/2015 0 3 0 3 1 4/21/15: Tolytriazole added (500 mL/16 oz.). 
5/1/2015 0   0   1.2  
5/7/2015 0 0 0 0 5.2 
5/7/15: Tower blown down to reduce hardness, Tolytriazole (500 mL/16 oz.) added.  
5/11/15: Tower blown down after sample collected to reduce hardness.  
5/14/2015 0   0   2.8 5/15/15: Tolytriazole added (500 mL/16 oz.). 
5/19/2015 1 0 1.8 0 3.2 5/19/15: Tower was off but overflowing and filling at 2-3 gpm. Tolytriazole added (500 mL/16 oz.). 
5/28/2015 0   0   6.9  
6/4/2015 0 0 0 0 4.7 6/4/15: Tolytriazole added (500 mL/16 oz.). 
6/11/2015 0.5 0 0.9 0 4.4 6/11/15: Tolytriazole added (500 mL/16 oz.). 
6/18/2015 2   3.5   20.5 6/19/15: Tolytriazole added (500 mL/16 oz.). 
6/24/2015 3 2.9 5.3 5 31.3 
6/24/15: Tolytriazole added (500 mL/16 oz.).  
6/30/15: Tolytriazole added (500 mL/16 oz.). 
7/2/2015 5   8.8   18.2  
7/7/2015 15 1.1 26.3 2 15.5 
7/7/15: Mike (WCTI) collected his samples before adding Tolytriazole (1500 mL/48 oz.); IWT samples 
collected after.  
7/10/15: Tolytriazole added (500 mL/16 oz.). 
7/17/2015 3.5 1.7 6.1 3 23.4 
7/17/15: Tolytriazole added (1500 mL/48 oz.).  
7/21/15: Tolytriazole added (500 mL/16 oz.). 
7/23/2015 8.5   14.9   34.3  
7/30/2015 3.5   6.1   40.3  
8/5/2015 1.5 1.1 2.6 2 48.4 8/5/15: Tolytriazole added (1500 mL/48 oz.). 
8/13/2015 6   10.5   43.5  
8/20/2015 2 0 3.5 0 33.5 8/20/15: Tower offline but draining and refilling. Tolytriazole added (1500 mL/48 oz.). 
8/27/2015 0   0   2.6 
8/28/15: Tolytriazole added (500 mL/16 oz.).  
8/31/15: Tolytriazole added (500 mL/16 oz.).  
9/1/15: Tolytriazole added (500 mL/16 oz.).  
9/2/15: Tolytriazole added (500 mL/16 oz.). 
9/3/2015 8.6 2.3 15.1 4 7 
9/3/15: Tolytriazole added (1500 mL/48 oz.).  
9/8/15: Tolytriazole added (500 mL/16 oz.).  
9/9/15: Tolytriazole added (500 mL/16 oz.). 
9/10/2015 12.5   21.9   12.5  
9/15/2015 3.5 4 6.1 7 2.9 
9/15/15: Tolytriazole added (1500 mL/48 oz.).  
9/18/15: Tolytriazole added (500 mL/16 oz.). 
9/24/2015 1.5   2.6   3.6 
9/24/15: Tolytriazole added (500 mL/16 oz.).  
9/29/15: Tolytriazole added (500 mL/16 oz.).  
9/30/15: Tower was not running but draining and refilling at 3 GPM. 
10/1/2015 0.5   0.9   1.9 
10/1/15: Float Replaced, no water draining or refilling when off line. 10/2/15: Tolytriazole added 
(500 mL/16 oz.).  
10/5/15: Tolytriazole added (500 mL/16 oz.). 
10/6/2015 6 12.5 10.5 22 3.9 10/6/15: Tolytriazole added (1500 mL/48 oz.). 
10/15/2015 1   1.8   9.6  
10/23/2015 3.5   6.1   11.9 10/23/15: Tower was being drained, Makeup Water not available. 
Tolytriazole Recommended Levels 10-20 ppm (in Bold) and COC Recommended Levels >20COC (in Bold). 1WCTI actually measured Benzotriazole and IWT Benzotriazole is 175% 
of Tolytriazole. 2Tolytriazole is calculated from Benzotriazole.  
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Figure B-5: Triazole & COC of Champaign ZBD Cooling Tower from April - October 2015. 
 
 
Figure B-6: Copper Corrosion Coupons of Champaign ZBD Cooling Tower from April - October 2015. 
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Date 2015
Very Poor to Severe Poor
Moderate to Fair Good
Very Good Excellent
April 29th - May 11th, 2015 (12 Days) May 11th - May 22nd, 2015 (11 Days)
April 29th - May 28th, 2015 (29 Days) May 22nd - June 4th, 2015 (13 Days)
June 4th - June 17th, 2015 (13 Days) May 28th - June 26th, 2015 (29 Days)
June 17th - 30th, 2015 (13 Days) June 26th - July 9th, 2015 (13 Days)
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Table B-15: Champaign ROB, Cooling Tower, Zero Blowdown: 2015, Copper Coupons. 
Date 
Installed 
Date 
Removed 
Days 
Installed 
MDD1 MPY2 Observations Conclusions 
4/29/2015 5/11/2015 12 2.56 0.41 Slight dark 
discoloration. 
Fair Protection, Somewhat High Corrosion, somewhat high Copper present (0.21 
mg/L) and no Tolytriazole much lower (Range: 0.0-0.0 ppm, Average: 0.0 ppm) 
than the recommended 10-20 ppm. 
5/11/2015 5/22/2015 11 3.04 0.49 Slight dark 
discoloration. 
Fair Protection, Somewhat High Corrosion, somewhat high Copper present (0.21 
mg/L) and Tolytriazole much lower (Range: 0.0-1.0 ppm, Average: 0.5 ppm) than 
the recommended 10-20 ppm. 
4/29/2015 5/28/2015 29 0.79 0.13 Slight dark 
discoloration. 
Very Good Protection, Very Low Corrosion, somewhat high Copper present (0.13-
0.21 mg/L) and Tolytriazole much lower (Range: 0.0-1.0 ppm, Average: 0.2 ppm) 
than the recommended 10-20 ppm. 
5/22/2015 6/4/2015 13 2.19 0.35 Slight dark 
discoloration. 
Moderate Protection, Slightly High Corrosion, somewhat high Copper present 
(0.13-0.21 mg/L) and Tolytriazole much lower (Range: 0.0-1.0 ppm, Average: 0.3 
ppm) than the recommended 10-20 ppm. 
6/4/2015 6/17/2015 13 2.26 0.36 Slight dark 
discoloration. 
Moderate Protection, Slightly High Corrosion, somewhat high Copper present 
(0.13 mg/L) and Tolytriazole much lower (Range: 0.0-2.0 ppm, Average: 0.8 ppm) 
than the recommended 10-20 ppm. 
5/28/2015 6/26/2015 29 1.14 0.18 Slight dark 
discoloration. 
Very Good Protection, Very Low Corrosion, somewhat high to high Copper 
present (0.13-0.28 mg/L) and Tolytriazole much lower (Range:0.0-3.0 ppm, 
Average: 1.1 ppm) than the recommended 10-20 ppm. 
6/17/2015 6/30/2015 13 2.12 0.34 Slight dark 
discoloration. 
Moderate Protection, Slightly High Corrosion, somewhat high to high Copper 
present (0.13-0.28 mg/L) and Tolytriazole much lower (Range: 2.0-5.0 ppm, 
Average: 3.3 ppm) than the recommended 10-20 ppm. 
6/26/2015 7/9/2015 13 2.58 0.42 Slight dark 
discoloration. 
Fair Protection, Somewhat High Corrosion, high Copper present (0.28 mg/L) and 
Tolytriazole much lowers to within (Range: 3.0-15.0 ppm, Average: 7.7 ppm) the 
recommended 10-20 ppm. 
7/9/2015 8/7/2015 29 1.19 0.19 Slight dark 
discoloration. 
Very Good Protection, Very Low Corrosion, high to very high Copper present 
(0.28-0.68 mg/L) and Tolytriazole  lower to within (Range:1.5-15.0 ppm, Average: 
6.4 ppm) the recommended 10-20 ppm. 
6/30/2015 8/11/2015 42 0.95 0.15 Slight dark 
discoloration. 
Very Good Protection, Very Low Corrosion, high to very high Copper present 
(0.28-0.68 mg/L) and Tolytriazole  lower to within (Range:3.5-15.0 ppm, Average: 
6.1 ppm) the recommended 10-20 ppm. 
8/7/2015 8/20/2015 13 3.17 0.51 Slight dark 
discoloration. 
Poor Protection, High Corrosion, slightly high to very high Copper present (0.05-
0.68 mg/L) and Tolytriazole much lowers (Range: 1.5-6.0 ppm, Average: 3.2 ppm) 
than the recommended 10-20 ppm. 
8/11/2015 9/22/2015 42 0.61 0.10 Slight dark 
discoloration. 
Very Good Protection, Very Low Corrosion, low to very high Copper present (0.04-
0.68 mg/L) and Tolytriazole none to within (Range: 0.0-12.5 ppm, Average: 4.9 
ppm) the recommended 10-20 ppm. 
8/20/2015 10/1/2015 42 0.52 0.08 Slight dark 
discoloration. 
Excellent Protection, Extremely Low Corrosion, low to slightly high Copper present 
(0.04-0.05 mg/L) and Tolytriazole none to within (Range: 0.0-12.5 ppm, Average: 
4.1 ppm) the recommended 10-20 ppm. 
9/22/2015 10/21/2015 29 1.12 0.18 Slight dark 
discoloration. 
Very Good Protection, Very Low Corrosion, low Copper present (0.04 mg/L) and 
Tolytriazole much lower (Range: 0.5-6.0 ppm, Average: 2.5 ppm) than the 
recommended 10-20 ppm. 
10/1/20156 10/21/2015 20 1.08 0.17 Slight dark 
discoloration. 
Very Good Protection, Very Low Corrosion, low Copper present (0.04 mg/L) and 
Tolytriazole much lower (Range: 0.5-6.0 ppm, Average: 2.8 ppm) than the 
recommended 10-20 ppm. 
1MDD- Milligrams of metal lost (average) per square Decimeter per Day. 
2 MPY = Mills Penetrated per Year, ((MDD) x (1.437)) / density, where density is the density of the metal in grams per cubic 
centimeter. 
 
 
 
Table B-16: Copper Corrosion Coupon Corrosion Rates for Cooling Towers and Frequency. 
Description Copper-MPY # of Coupons Days Installed Average Tolytriazole (ppm) 
Excellent <0.10 1 42 4.1 
Very Good 0.10 to 0.19 7 20, 4-29, 2-42 0.2, 1.1, 2.5, 2.8, 4.9, 6.1, 6.4 
Good 0.20 to 0.29 0 --- --- 
Moderate to Fair 0.30 to 0.49 6 11, 12, 4-13 0.0, 0.3, 0.5, 0.8, 3.3, 7.7 
Poor 0.50 to 1.00 1 13 3.2 
Very Poor to Severe > 1.00 0 --- --- 
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Figure B-7: Copper Corrosion Coupons & Triazole of Champaign ZBD Cooling Tower from April - October 
2015. 
-1
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
0.55
2
0
-A
p
r
2
7
-A
p
r
4
-M
ay
1
1
-M
ay
1
8
-M
ay
2
5
-M
ay
1
-J
u
n
8
-J
u
n
1
5
-J
u
n
2
2
-J
u
n
2
9
-J
u
n
6
-J
u
l
1
3
-J
u
l
2
0
-J
u
l
2
7
-J
u
l
3
-A
u
g
1
0
-A
u
g
1
7
-A
u
g
2
4
-A
u
g
3
1
-A
u
g
7
-S
ep
1
4
-S
ep
2
1
-S
ep
2
8
-S
ep
5
-O
ct
1
2
-O
ct
1
9
-O
ct
Tr
ia
zo
le
M
P
Y
 C
o
rr
o
si
o
n
 R
at
e
 
Date 2015
Moderate to Fair Good
Very Good Excellent
Target Triazole (ppm) April 29th - May 11th, 2015 (12 Days)
May 11th - May 22nd, 2015 (11 Days) April 29th - May 28th, 2015 (29 Days)
May 22nd - June 4th, 2015 (13 Days) June 4th - June 17th, 2015 (13 Days)
May 28th - June 26th, 2015 (29 Days) June 17th - 30th, 2015 (13 Days)
June 26th - July 9th, 2015 (13 Days) July 9th - August 7th, 2015 (29 Days)
June 30th - August 11th, 2015 (42 Days) August 7th - 20th, 2015 (13 Days)
August 11th - September 22nd, 2015 (42 Days) August 20th - October 1st, 2015 (42 Days)
September 22nd - October 21st, 2015 (29 Days) October 1st - 21st, 2015 (20 Days)
Corrator Probe Triazole (ppm)
Triazole Added (L)
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Corrator Probe Corrosion Rates 
The corrator probe corrosion measurements were performed through WCTI for Stainless Steel, Mild Steel and 
Copper (Table B-17). The corrator probe corrosion rates were excellent (Table B-18) and lower than the 
coupon corrosion rates for mild steel and copper. 
 
Deposits 
Deposits were collected and analyzed by ICP (Table B-19) after the tower was shut down at the end of the 
2015 season, before the start of the 2016 season. The scale and corrosion products are similar to those found 
before the Zero Blowdown soft water treatment. Because the tower was operating at much higher 
Conductivity/COC the concentration of minerals in the water, was much higher than the continuous 
blowdown operation in 2014. 
 
 
 
Table B-17: Champaign ROB, Corrator Probe Corrosion Rates: May 7 to June 24, 2015. 
Date Measurement Stainless Steel Mild Steel Copper 
5/7/15 Corrosion MPY1 0.00 0.13 0.03 
Imbalance2 0.00 0.08 0.06 
6/11/15 Corrosion MPY1 0.00 0.09 0.00 
Imbalance2 0.00 0.12 0.00 
6/24/15 Corrosion MPY1 0.00 0.03 0.05 
Imbalance2 0.00 0.00 0.05 
Conclusions 
No corrosion 
was indicated 
All excellent with a slight tendency 
toward pitting (May 7 and June 11, 
2015) 
All excellent with a very slight tendency 
toward pitting (May 7 and June24, 
2015) 
1MPY = mills per year, 2Imbalance indicates pitting tendency. It has been found empirically that when the imbalance reading is less 
than the corrosion rate reading or close to zero, corrosion is general corrosion with insignificant pitting. If the imbalance becomes 
more erratic and similar to or greater than the corrosion rate value, this is indicative of increased pitting. If the imbalance is up to 
ten times greater than the corrosion rate or very erratic this is indicative of a significant pitting which should be verified by visual 
inspection of the probe electrodes 
 
 
 
Table B-18: Corrosion Coupon Corrosion Rates for Cooling Towers. 
Description Mild Steel-MPY Copper-MPY Stainless Steel -MPY 
Excellent < 0.50 <0.10 <0.03 
Very Good 0.50 to 0.99 0.10 to 0.19 0.04 to 0.06 
Good 1.00 to 1.99 0.20 to 0.29 0.07 to 0.10 
Moderate to Fair 2.00 to 2.99 0.30 to 0.49 0.11 to 0.14 
Poor 3.00 to 5.00 0.50 to 1.00 0.15 to 0.20 
Very Poor to Severe > 5.00 > 1.00 > 0.20 
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Table B-19: Champaign ROB Deposit from Tower Basin: 2015 Cooling Season After Soft Water Makeup. 
Collection Date October 26, 2015 November 4, 2015 
Notes Collected from N. W. Hatch, after shutdown but water was still in the bottom of the basin. 
Loss on Ignition = 22% (a typical value) 
Collected from S.E. Hatch, after shutdown and water was completely drained. 
Loss on Ignition = 16% (a typical value) 
Component mg/L Percent Comments Conclusions mg/L Percent Comments Conclusions 
Aluminum (as Al) 4.84 6.4 
Corrosion possibly from 
absorber, significant. 
Somewhat high and higher that 2014. 2.84 2.4 
Corrosion possibly from 
absorber, significant. 
Somewhat high, which indicates significant 
corrosion, but similar to 2014. 
Barium  
(as Ba) 
0.16 0.2 Minor constituent  
 
   
 
Boron (as B) 0.06 0.1 Minor constituent   0.14 0.1 Minor constituent   
Cadmium (as Cd) 0.02 <0.1 Minor constituent  
 
0.02 <0.1 Minor constituent  
Very high, which indicates severe scaling, but is 
probably left over from 2014 since soft water was 
supplied to the tower. 
Calcium  
(as Ca) 
30.94 41.2 Calcium scale, severe. 
Very high, which indicates severe 
scaling, but is probably left over from 
2014 since soft water was supplied to 
the tower. 
67.8 56.9 Calcium scale, severe. 
 
Chromium (as 
Cr) 
1.26 1.7 
Corrosion possibly from 
absorber, significant. 
Somewhat high, which indicates 
significant corrosion, but similar to 2014. 
2.18 1.8 
Corrosion possibly from 
absorber, significant. 
Somewhat high, which indicates significant 
corrosion, but similar to 2014. 
Cobalt  
(as Co) 
0.02 <0.1 Minor constituent 
 
   
 
Copper  
(as Cu) 
3 4 
Corrosion of absorber, 
significant. 
Somewhat high, which indicates 
significant corrosion, but similar to 2014. 
3.26 2.7 
Corrosion of absorber, 
significant. 
Somewhat high, which indicates significant 
corrosion, but similar to 2014. 
Iron (as Fe) 10.71 14.3 
Corrosion of tower, 
significant. 
Somewhat high, but much reduced form 
2014 which indicates a decrease in 
corrosion. 
7.28 6.1 
Corrosion of tower, 
significant. 
Somewhat high, but much reduced form 2014 which 
indicates a decrease in corrosion. 
Lead (as Pb) 0.13 0.2 Minor constituent  0.07 0.1 Minor constituent  
Magnesium (as 
Mg) 
8 10.7 
Magnesium scale 
probably associated 
with silica. 
Which indicates some scale, but no 
higher than 2014 so probably not new 
scale products. 
16.95 14.2 
Magnesium scale probably 
associated with silica. 
Which indicates some scale, but no higher than 2014 
so probably not new scale products. 
Manganese (as 
Mn) 
0.16 0.2 Minor constituent  
 
0.12 0.1 Minor constituent   
Phosphate (as 
PO4) 
1.55 2.1 
Present in water, 
possibly associated with 
ca or mg. 
 
3.72 3.1 
Present in water, possibly 
associated with ca or mg. 
 
Potassium (as K) 0.36 0.5 Minor constituent   0.39 0.3 Minor constituent   
Silica (as SiO2) 1.46 1.9 
Silica scale probably 
associated with 
magnesium. 
Which indicates some scale, but no 
higher than 2014 so probably not new 
scale products. 
3.51 2.9 
Silica scale probably 
associated with magnesium. 
Which indicates some scale, but no higher than 2014 
so probably not new scale products. 
Sodium  
(as Na) 
2.68 3.6 Probably from softener. 
 
2.54 2.1 Probably from softener. 
 
Strontium (as Sr) 0.19 0.1 Minor constituent   0.26 0.2 Minor constituent   
Sulfate  
(as SO4) 
0.84 1.1 Minor constituent 
 
   
 
Titanium  
(as Ti) 
0.08 0.1 Minor constituent  
 
0.05 <0.1 Minor constituent  
 
Zinc (as Zn) 8.75 11.6 
Corrosion of tower, 
significant. 
Somewhat high, which indicates 
significant corrosion, but similar to 2014. 
7.73 6.5 
Corrosion of tower, 
significant. 
Somewhat high, which indicates significant 
corrosion, but similar to 2014. 
 
54 
 
Biological 
Chlorine, pH, ATP, fungi, aerobic bacteria and Legionella were tested on all cooling tower samples (Table B-
20). Belicide 355 was the biocide that was added throughout the season (Table B-21). 
 
Chlorine 
Only a small amount of chlorine was present, presumably left over from the cold distribution chlorine. No 
supplemental chlorine was added. 
 
pH 
A pH of 9.7 to 10.0 needs to be maintained to reduce or eliminate bacteria growth. pH follows 
conductivity/COC and the target for COC was 20 COC as a minimum. To achieve pH 9.7 or greater 30 COC was 
needed and 50 COC was preferred. The pH was in the recommended level only 30% of the time. 
 
ATP 
The ATP tests in Table B-22 from 5/7/2015 to 8/5/2015 were performed using the AMSA meter, which was 
more sensitive and gave higher readings than the new Hygiena meter. Because many of the Champaign ROB 
reading were with the new Hygiena meter the living ATP values were converted to Hygiena equivalents for use 
in the graphs. The information in Table B-20 uses the data from the AMSA meter and Hygiena meter while the 
graphs (Figures B-8, 9, 10, and 11) uses values converted to the Hygiena meter.  
 
The ATP values indicated poor to extremely poor control (Table B-22 and Figure B-8). The addition of biocide 
(Figure B-9) did not appear to be correlated with reduced ATP until the float was fixed in October and the 
tower did not blowdown. The lowest ATP value (poor) occurred when the COC was the highest on August 5, 
2015, and all extremely poor values occurred when COC was <20 (Table B-22). This indicates that the high 
conductivity/COC/pH depresses biological growth to some degree (Figure B-10). 
 
Fungi 
No fungi should be present in a tower that is under good biological control. Some fungi are slower growing 
than others so the media is examined after 2-5 days as well as 10-15 days. Fungi was present in only 2 of the 7 
samples tested for fungi. 
 
Aerobic Bacteria 
In general, longer incubation times resulted in higher values regardless of the test (Figure B-12). Most of the 
bacteria levels were above 100,000 CFU/mL. Biocide addition and high COC resulted in lower values of 
bacteria on September 3, 2015 (Figure B-13). 
 
When COC was low <20 few of the samples were excellent (3%) and good (10%) but 43% were extremely poor. 
When COC was high >20 only a few samples were tested but 7% of the samples were excellent and good (0%) 
but only 10% were extremely poor (Table B-23). This indicates that the high conductivity/COC/pH depresses 
biological growth to some degree. 
 
Legionella, Phigenics PVT Test 
No Legionella should be present in a tower that is under good biological control. Typically Legionella is more 
likely to be present in a tower that is dirty or has a diverse biological population. Legionella was not found in 
any of the samples.  
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Table B-20: Cooling Tower, Biological, Champaign ROB: May 7 to October 23, 2015. 
Date 5/7/15 6/4/15 7/7/15     8/5/15 9/3/15 10/6/15     10/23/15 
Free Cl21  ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1  
Total Cl21 ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1  
        
pH 9.30 9.26 9.64 9.82 9.37 9.17 9.51 
Notes pH was below the target 
range so reduction of 
biological growth was 
not expected. 
pH was below the target 
range so reduction of 
biological growth was not 
expected. 
pH was below the target 
range but close to pH 
9.7 so some reduction 
of biological growth was 
expected. 
pH was within the target 
range so reduction of 
biological growth was 
expected. 
pH was below the target 
range so reduction of 
biological growth was not 
expected. 
pH was below the target 
range so reduction of 
biological growth was not 
expected. 
pH was below the target range 
so reduction of biological 
growth was not expected. 
        
Total ATP1 RLU 532,660 980,099 524,487 5731 5045 18445 4295 
Free (Dead) ATP1 
RLU (Percent) 
32,993 (6%) 77,583 (8%) 2960 (1%) 1697 (30%) 545 (10%) 145 (1%) 295 (7%) 
Living ATP1,3 RLU 
(Percent) 
499,667 (94%) 902,516 (92%) 521,527 (99%) 4034 (70%) 4525 (90%) 18305 (99%) 4005 (93%) 
Living ATP1,4 RLU 
(new meter 
equivalent) 
7495 13,538 7823 100 452 1830 400 
Notes The total ATP was 
extremely high 
indicating Extremely 
Poor Control and 94% of 
the ATP (499,667 RLU) 
was from living cells. 
The total ATP was 
extremely high indicating 
Extremely Poor Control 
and 92% of the ATP 
(902,516 RLU) was from 
living cells. 
The total ATP was 
extremely high 
indicating Extremely 
Poor Control and 99% of 
the ATP (521,527 RLU) 
was from living cells. 
The total ATP was high 
indicating Poor Control and 
70% of the ATP (4034 RLU) 
was from living cells. 
The total ATP was extremely 
high indicating Extremely 
Poor Control and 90% of the 
ATP (452 RLU) was from 
living cells. Note: The new 
less sensitive Hygiena Meter 
was used. 
The total ATP was 
extremely high indicating 
Extremely Poor Control and 
99% of the ATP (1830 RLU) 
was from living cells. Note: 
The new less sensitive 
Hygiena Meter was used. 
The total ATP was extremely 
high indicating Extremely Poor 
Control and 93% of the ATP 
(400 RLU) was from living 
cells. Note: The new less 
sensitive Hygiena Meter was 
used. 
        
Fungi1 CFU/mL (2-
5 days) 
<10 <10 <10 <10 10 <10  
Fungi1 CFU/mL 
(10-15 days) 
<10 <10 10 <10 100 <10 <10 
   10 CFU/mL was present 
after 10-15 days 
incubation. 
 10 CFU/mL was present after 
2-5 days and 100 CFU/mL 
was present after 10-15 days 
incubation. 
  
        
Aerobic Bacteria1 
CFU/mL (2-5 days) 
7,500,000 10,000,000 >10,000,000 60,000 10,000 1,000,000  
Aerobic Bacteria1 
CFU/mL (10-15 
days) 
9,000,000 10,000,000 >10,000,000 1,000,000 10,000 1,000,000 >10,000,0008 
Aerobic Bacteria2 
CFU/mL (6-8 days) 
10,000,000 100,000 1,000,000 1,000,000 100,000 1,000,000  
Aerobic Bacteria4 
CFU/mL (2 days) 
50,000 10,000 10,000,000 1000 100,000 100,000  
Aerobic Bacteria4 
CFU/mL (2 days) 
50,0005 50,0006 1,000,0007 <1006 <1007   
Notes The IWT (2-5 days and 
10-15 days) and PVT test 
indicated Poor to 
extremely poor control 
but the WCTI test 
indicated fair control. 
June 4, 2015: The IWT (2-5 
days and 10-15 days) and 
PVT test indicated 
extremely poor control but 
the WCTI test indicated 
good control. 
July 7, 2015: The IWT (2-
5 days and 10-15 days) 
PVT and WCTI tests 
indicated extremely 
poor control. 
July 17, 2015: Only WCTI 
August 5, 2015: The IWT (2-5 
days) indicated fair control 
while the IWT (10-15 days) 
and PVT tests indicated 
extremely poor control. The 
WCTI test was much lower 
September 3, 2015: The IWT 
(2-5 days and 10-15 days) 
indicated good control while 
the PVT and WCTI tests 
indicated poor control. 
September 15, 2015: Only 
The IWT (2-5 days and 10-
15 days) and PVT test 
indicated extremely poor 
control while the WCTI tests 
indicated poor control. 
 
Only IWT (10-15 days) bacteria 
test which indicated extremely 
poor control. 
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June 11 & 24, 2015: Only 
WCTI bacteria test, 50,000 
CFU/mL, which indicated 
fair control. 
bacteria test, 1,000,000 
CFU/mL, which 
indicated extremely 
poor control. 
and indicated excellent 
control. 
August 20, 2015: Only WCTI 
bacteria test <100 CFU/mL, 
which indicated excellent 
control. 
WCTI bacteria test <100 
CFU/mL, which indicated 
excellent control. 
        
Legionella2 
CFU/mL 
       
L. pneumophila 
(serogroup 1) 
0 0 0 0 0 0  
L. pneumophila 
(serogroup 2-14) 
0 0 0 0 0 0  
L. species 0 0 0 0 0 0  
1Field/Immediate Test. 2Phigenics PVT Test. 3Calculated. 4WCTI. 56/11/15. 66/24/15. 77/17/15. 
 
 
 
Table B-21: Belicide 355 (Biocide) Addition April to October 2015 
Date mL oz.  Date mL oz.  Date mL oz.  Date mL oz. 
April    July    September    October   
4/21/15 1300 mL 44 oz.  7/7/15 500 mL 16 oz.  9/1/15 500 mL 16 oz.  10/2/15 500 mL 16 oz. 
May    7/10/15 500 mL 16 oz.  9/2/15 500 mL 16 oz.  10/5/15 500 mL 16 oz. 
5/7/15 500 mL 16 oz.  7/17/15 500 mL 16 oz.  9/3/15 1500 mL 48 oz.  10/8/15 1000 mL 32 oz. 
5/15/15 500 mL 16 oz.  7/21/15 500 mL 16 oz.  9/8/15 500 mL 16 oz.  10/21/15 3785 mL 128 oz. 
5/19/15 500 mL 16 oz.  7/27/15 500 mL 16 oz.  9/9/15 500 mL 16 oz.     
June    August    9/18/15 500 mL 16 oz.     
6/4/15 500 mL 16 oz.  8/14/15 1000 mL 32 oz.  9/24/15 500 mL 16 oz.     
6/11/15 500 mL 16 oz.  8/28/15 500 mL 16 oz.  9/29/15 500 mL 16 oz.     
6/19/15 500 mL 16 oz.  8/31/15 500 mL 16 oz.         
6/24/15 500 mL 16 oz.             
6/30/15 500 mL 16 oz.             
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Table B-22: ATP and COC 
ATP Excellent or Good Percent Poor Percent Extremely Poor Percent 
COC <20 0 0% 0 0% 6 86% 
COC >20 0 0% 1 14% 0 0% 
Total 0 0% 1 14% 6 86% 
 
 
 
 
Figure B-8: ATP of Champaign ZBD Cooling Tower from April - October 2015. 
 
 
 
 
Figure B-9 ATP & Biocide Added of Champaign ZBD Cooling Tower from April - October 2015. 
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Figure B-10: ATP, Biocide Added, & COC of Champaign ZBD Cooling Tower from April - October 2015. 
 
 
 
 
Figure B-11: ATP & Bacteria of Champaign ZBD Cooling Tower from April - October 2015. 
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Figure B-12: Bacteria of Champaign ZBD Cooling Tower from April - October 2015. 
 
 
 
 
Figure B-13: Bacteria, Biocide Added, & COC of Champaign ZBD Cooling Tower from April - October 2015. 
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Table B-23: Bacteria and COC. 
Testing Excellent Percent Good Percent Fair Percent Poor Percent Extremely Poor Percent 
<20 COC 
2 Days3 1 3% 1 3% 3 10% 2 7% 1 3% 
2-5 Days1   1 3%     4 13% 
6-8 Days2       2 7% 3 10% 
10-15 Days1   1 3%     5 17% 
Total 1 3% 3 10% 3 10% 4 13% 13 43% 
>20 COC 
2 Days3 2 7%       1 3% 
2-5 Days1     1 3%     
6-8 Days2         1 3% 
10-15 Days1         1 3% 
Total 2 7%   1 3%   3 10% 
Total 
2 Days3 3 10% 1 3% 3 10% 2 7% 2 7% 
2-5 Days1   1 3% 1 3%   4 13% 
6-8 Days2       2 7% 4 13% 
10-15 Days1   1 3%     6 20% 
Total 3 10% 3 10% 4 13% 4 13% 16 53% 
1IWT, 2Phigenics, 3WCTI 
 
 
 
Water Usage 
Much of the water usage from start up to June 12, 2015, was due to a leaking float valve which came into play 
when the tower was off line. The tower would overflow at 3-4 gpm which not only used much water but also 
drained the tower preventing it to cycle up. The float was adjusted and the water level in the basin was 
reduced a few times. By June 12, 2015, the final adjustments were made which reduced the flow to <1 gpm 
when offline. Sometime after this the float again caused overflowing and filling. The float was finally repaired 
on October 1, 2015, and when the tower was offline there was no flow into or out of the tower. When the 
tower was running the discharge from the overflow pipe was minimal, just a few drips. The tower was filled 
(4/20/2015) and it is estimated that the capacity of the basin is about 1000 gallons. 
 
Daily Water Readings 
Water usage reading (gallons) were taken M-F from the blue water meter (Table B-24) which recorded total 
water usage including water used for regeneration of the softeners and  from the primary softener (Table B-
25).  
 
WCTI Site Visit Water Readings 
The WCTI gallons (Table B-26) were taken from the primary softener, when the site visits were made, 
therefore the total gallons recorded, were the same as those from the primary softener (Table B-25). This is 
the meter that measures all the water that goes to the softeners including the water used for regeneration. 
Table B-25 indicates that the GPM ranged from 0.4 to 5.4. 
 
The water usage and COC is shown in Figure B-14. The unregulated blowdown and refilling when the tower 
was offline makes it difficult to observe much of a correlation between water usage and COC. However, it is 
significant that once the float was repaired (October 1, 2015) the water usage decreased and the COC 
increased which was the type of cycling up that is expected. 
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This is the water that has flowed through the Primary Softener. The Polishing Softener was not used because 
of problems during the regeneration cycle would cause it to go off line for hours or days. This resulted of 
under reported of gallons used by the system. This problem has since been corrected. 
 
Water Cost 
Using the figures of $5.60/ 1000 gallons water charge and $3.42/1000 gallons sewer charge or $9.02/1000 
gallons total, the total cost of water (828,435 gallons) was $7472. 
 
 
 
Table B-24: Champaign ROB Tower Water Usage 2015, Zero Blowdown, Blue Water Meter. 
Date 
Meter 
Reading Gallons Days GPD GPM 
WCTI Notes 
4/20/2015 3,845,975      
5/1/2015 3,854,170 8,195 11 745 0.5  
5/15/2015 3,894,510 40,340 14 2,881 2.0 
June 12, 2015: Float adjusted to reduce 3-4 gpm overflow 
when off line to <1gpm when off line 
6/1/2015 3,941,030 46,520 17 2,736 1.9  
6/15/2015 4,011,070 70,040 14 5,003 3.5  
7/1/2015 4,118,170 107,100 16 6,694 4.6  
7/15/2015 4,192,760 74,590 14 5,328 3.7  
8/3/2015 4,339,400 146,640 19 7,718 5.4  
8/17/2015 4,443,010 103,610 14 7,401 5.1 
August 20, 2015: Observed that the tower as offline but 
draining and refilling. 
9/1/2015 4,516,020 73,010 15 4,867 3.4  
9/15/2015 4,590,510 74,490 14 5,321 3.7  
10/1/2015 4,655,240 64,730 16 4,046 2.8 
October 1, 2015: Float was replaced and no flow occurred 
when the tower was off line. 
10/15/2015 4,669,290 14,050 14 1,004 0.7  
10/23/2015 4,674,410 5,120 8 640 0.4  
Total Gallons 828,435   
 
 
 
Table B-25: Champaign ROB Tower Water Usage 2015, Zero Blowdown, Primary Softener. 
Date Meter Reading Gallons Days GPD GPM 
4/20/2015 1,192 1,192    
5/1/2015 9,158 7,966 11 724 0.5 
5/15/2015 48,472 39,314 14 2,808 2.0 
6/1/2015 92,056 43,584 17 2,564 1.8 
6/15/2015 158,293 66,237 14 4,731 3.3 
7/1/2015 261,114 102,821 16 6,426 4.5 
7/15/2015 330,478 69,364 14 4,955 3.4 
8/3/2015 467,976 137,498 19 7,237 5.0 
8/17/2015 564,382 96,406 14 6,886 4.8 
9/1/2015 632,705 68,323 15 4,555 3.2 
9/15/2015 701,029 68,324 14 4,880 3.4 
10/1/2015 762,302 61,273 16 3,830 2.7 
10/15/2015 775,384 13,082 14 934 0.6 
10/23/2015 779,891 4,507 8 563 0.4 
Total Gallons 779,891  
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Table B-26: Champaign ROB Tower Water Usage 2015, Zero Blowdown, WCTI Service Reports, Primary. 
Softener. 
Date Meter Reading Gallons Days GPD GPM 
4/21/2015 1,884 1,884    
5/7/2015 21,985 20,101 16 1,256 0.9 
5/19/2015 55,852 33,867 12 2,822 2.0 
6/4/2015 101,100 45,248 16 2,828 2.0 
6/11/2015 128,108 27,008 7 3,858 2.7 
6/24/2015 219,728 91,620 13 7,048 4.9 
7/7/2015 285,158 65,430 13 5,033 3.5 
7/17/2015 344,111 58,953 10 5,895 4.1 
8/5/2015 482,139 138,028 19 7,265 5.0 
8/20/2015 582,672 100,533 15 6,702 4.7 
9/3/2015 642,422 59,750 14 4,268 3.0 
9/15/2015 700,963 58,541 12 4,878 3.4 
10/6/2015 765,414 64,451 21 3,069 2.1 
10/23/2015 779,891 14,477 17 852 0.6 
Total Gallons 779,891  
 
 
 
 
Figure B-14: Water Usage & COC of Champaign ZBD Cooling Tower from April - October 2015. 
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Appendix C 
 
Results and discussion for Chicago Data Center, zero blowdown soft water makeup 
May 9, 2014 - August 1, 2015 
 
Cold Distribution and Soft Water Makeup  
The cold distribution water was of consistent quality month to month (Tables C-1). All corrosion metals were 
low (iron, copper, zinc, etc.). The only exception to this was the cold distribution from May 9, 2014, which 
contained small dark flecks (Table C-1). The line may not have been fully flushed before the sample was taken.  
 
There was good agreement between the hardness (total and calcium) lab test and the ICP test. There was also 
good agreement with the silica lab test and ICP test. The softeners did a good job of removing hardness 
usually to less than 1.00 mg/L and always less than 2.00 mg/L. The WCTI target softener hardness is <0.5 mg/L. 
strontium and barium was also removed. Sodium was increased in the process as expected. 
 
The soft water sample May 9, 2014, did not appear to have the usual proper amount of rinse time in the 
regeneration cycle (Table C-1). This resulted in greatly increased chloride, sodium, TDS and conductivity. This 
made calculating COC in the Cooling Tower difficult and lower than expected. There was good agreement 
between the IWT and WCTI tests (Table C-2). The WCTI total dissolved solids (TDS) test is performed using a 
conductivity meter with a TDS option. The IWT TDS test is performed by evaporating water in a dish to 
determine the total dissolved solids. 
 
Cooling Tower 
The Chicago CDC tower was operating with the WCTI soft water makeup system, zero blowdown, with silica, 
tolytriazole, antifoam, and biocide added as needed. The tower operated as expected at high COC from May 9 
to December 12, 2014 (Tables C-3). However, control issues caused reduced COC from January 6 to August 1, 
2015 (Tables C-3).  
 
The following comments from the WCTI Site Visit Reports indicate the nature of the problems: 
 January 6, 2015, WCTI Comments: System control issues resulting in uncontrolled makeup, which 
reduces COC. 
 March 6, 2015, WCTI Comments: Sample collected from the tank in the chiller room. Tower cycles are 
1 COC due to system control issues resulting in uncontrolled makeup which reduces COC. 
 April 22, 2015, WCTI Comments: Sample collected from the tank in the chiller room. Tower cycles are 
4 COC and similar to chiller room, due to system control issues resulting in uncontrolled makeup which 
reduces COC. 
 May 6, 2015, WCTI Comments: Sample collected from the tank in the chiller room. Tower cycles are 
low because system was being flushed; chillers were free of any deposits. There were some signs of 
softener hardness leakage. 
 June 4, 2015, WCTI Comments: Hardness has decreased which indicates that softeners were working 
but system still appears to be overflowing. 
 July 15, 2015, WCTI Comments: Hardness has decreased which indicates that softeners were working 
but system still appears to be overflowing. 
 August 1, 2015, WCTI Comments: Hardness has decreased which indicates that softeners were 
working. Overflowing problem has been fixed.
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Table C-1: IWT, Chicago - CDC, Cold Dist. & Soft Water: May 9, 2014, to August 1, 2015. 
Date 5/9/2014 7/11/2014 8/1/2014 9/19/2014 10/16/2014 11/10/2014 12/12/2014 1/6/2015 2/6/2015 3/6/2015 4/22/2015 5/6/2015 6/4/2015 7/15/2015 8/1/2015 
Water Type Cold6 Soft Cold Soft Cold Soft Cold Soft Cold Soft Cold Soft Cold Soft Cold Soft Cold Soft Cold Soft Cold Soft Cold Soft Cold Soft Cold Soft Cold Soft 
P-Alkalinity1  
(as CaCO3)  
mg/L 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M-Alkalinity1  
(as CaCO3)  
mg/L 
104 76 104 102 100 108 108 106 106 100 96 104 78 102 99 75 61 100 95 111 110 109 105 105 101 100 100 101 102 106 
Chloride1 
(as Cl) mg/L 
18 1985 18 15 16 15 24 22 17 17 17 17 16 16 20 20 15 17 16 16 18 16 26 23 18 18 11 13 17 16 
Sulfate2  
(as SO4) mg/L 
27 33 27 26 27 27 28 27 28 27 28 29 28 28 29 28 31 31 28 28 27 27 26 26 27 27 26 26 26 28 
                               
Total Hardness1 
(as CaCO3) mg/L 
142 1 132 Trace 146 Trace 132 0 140 0 126 0 128 0 130 0 136 0 140 0 140 0 136 8 134 0 138 0 135 0 
Total Hardness2 
(as CaCO3) mg/L 
144.42 1.55 132.75 0.27 137.92 0.11 138.64 0.14 139.01 0.14 140.47 1.42 137.47 0.18 139.21 0.13 148.02 0.18 145.35 0.23 141.09 0.11 136.99 3.16 135.07 0.08 134.37 0.46 135.16 0.31 
Calcium  
Hardness1 
(as CaCO3) mg/L 
80 --- 88 --- 82 --- 82 --- 87 --- 84 --- 83 --- 82 --- 91 --- 94 --- 93 --- 86 --- 84 --- 88 --- 82 --- 
Calcium  
Hardness2 
(as CaCO3) mg/L 
93.94 1.1 84.95 0.27 90.51 0.11 88.59 0.14 89.05 0.14 91.14 1.42 90.88 0.18 90.01 0.13 95.58 0.18 94.33 0.23 92.4 0.11 89.84 1.83 85.8 0.08 88.27 0.29 85.59 0.16 
Magnesium 
Hardness2 
(as CaCO3) mg/L 
50.49 0.45 47.8 0 47.42 0 50.05 0 49.96 0 49.33 0 46.59 0 49.19 0 52.44 0 51.02 0 48.69 0 47.15 1.33 49.27 0 46.1 0.17 49.59 0.14 
                               
Nitrate3  
(as NO3) mg/L 
2.1 4 1.6 1.7 1.5 0.8 1.6 1.7 1.5 2 1.7 1.8 2.1 2.4 2 2.2 2.3 2.9 2.4 2.3 2.2 2.4 2.1 2.3 1.8 2 1.8 1.9 1.6 2.6 
Ammonia3  
(as NH4) mg/L 
<0.1 0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.5 0.5 0.6 0.7 
Iron2 (as Fe) 
mg/L 
2.276 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Copper2 (as Cu) 
mg/L 
0.03 0.01 0.02 0.01 0.01 0 0.01 0.02 0 0.02 0.01 0.02 0.02 0.16 0.01 0.01 0.01 0 0 0 0.01 0 0.01 0 0.01 0 0.01 0 0.01 0.02 
Zinc2 (as Zn) 
mg/L 
0.126 0.07 0.02 0.02 0.03 0.01 0.02 0.01 0 0 0.03 0 0.04 0.03 0.06 0.02 0.05 0.03 0.04 0.04 0.05 0.01 0.04 0.02 0.03 0.02 0.03 0.02 0.03 0.02 
Molybdenum2 
(as Mo) mg/L 
0 0 0 0.03 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Aluminum2  
(as Al) mg/L 
0.07 0.34 0.05 0.05 0.05 0 0.04 0.04 0 0.04 0 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.05 0.04 0.07 0.06 
Titanium2  
(as Ti) mg/L 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chromium2  
(as Cr) mg/L 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Manganese2  
(as Mn) mg/L 
0.01 0 0.05 0 0 0 0 0 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lithium2  
(as Li) mg/L 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sodium2  
(as Na) mg/L 
9.3 221.85 8 69.5 8.4 67.9 8.2 68.5 8.2 72.6 8.3 74.2 7.7 73 7.8 70.8 8.3 72.7 8.5 72.2 9.5 72.5 9.1 71.2 8.7 70.5 8.8 74.2 8.1 65.9 
Potassium2  
(as K) mg/L 
1.5 1 1.5 0.4 1.5 0.4 0.3 0.3 1.5 0.4 1.6 0.4 1.8 0.5 1.5 0.4 1.6 0.4 1.6 0.7 1.6 0.2 1.6 1.2 1.6 0.4 1.6 0.4 1.7 0.4 
Boron2 (as B) 
mg/L 
0.05 0.04 0 0.03 0.03 0.03 0.03 0.03 0 0.03 0.03 0 0.03 0 0.03 0.03 0.04 0.03 0.03 0 0 0 0 0 0 0 0.03 0.03 0.06 0.05 
Strontium2 (as 
Sr) mg/L 
0.1 0 0.11 0 0.11 0 0.11 0 0.11 0 0.12 0 0.12 0 0.11 0 0.12 0 0.12 0 0.12 0 0.12 0 0.03 0.03 0 0 0.12 0 
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Barium2 (as Ba) 
mg/L 
0.02 0 0.02 0 0.02 0 0.02 0 0.02 0 0.02 0 0 0 0.02 0 0.02 0 0.02 0 0.02 0 0.02 0 0.12 0 0.02 0 0.03 0 
Thallium2 (as Tl) 
mg/L 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.02 0 0 0 0 0 
                               
Silica3 (as SiO2) 
mg/L 
2 2 2 2 3 2 2 3 3 2 3 3 2 3 3 3 2 3 3 3 3 3 2 2 2 2 2 2 2 2 
Silica2 (as SiO2) 
mg/L 
1.7 1.4 1.9 1.9 2 1.9 2 1.9 1.8 1.9 2.2 2.2 2.4 2.4 2.1 2.4 2.7 2.6 2.6 2.6 2.1 2.1 2.1 2.1 1.6 1.5 1.8 1.8 1.8 1.7 
Total 
Phosphate2(as 
PO4) mg/L 
0.68 4.42 0.82 1 0.71 0.81 0.99 0.88 0.5 1.02 1 1.09 0.85 0.97 0.85 1.03 0.92 1.07 0.93 1.03 0.8 0.97 0.67 0.69 0.65 0.87 0.95 0.77 1.12 1.23 
Total 
Phosphate3(as 
PO4) mg/L 
0.7 4.36 0.96 1.14 0.91 1 0.8 1.11 0.11 1.11 1.26 1.41 1.06 1.13 0.91 1.1 0.98 1.11 1 1.09 0.95 1.06 0.79 0.9 0.92 1.13 1.02 0.92 1.16 1.37 
                               
pH1 7.64 8.06 7.72 7.76 7.64 7.77 7.6 7.78 7.68 7.82 7.55 7.73 7.56 7.71 7.69 7.8 7.58 7.78 7.59 7.7 7.73 7.9 7.79 7.74 7.74 7.92 7.63 7.83 7.53 7.76 
Temp°C1 23.6 23.4 17.8 17.7 24.1 24.2 22 21.4 21.6 21.5 22.1 22.1 22.1 22.6 20.9 20.9 21.7 22.2 22.7 23.1 23.6 23.6 20.9 20.8 22.4 22.25 22.8 22.5 22.2 22.2 
Total Dissolved 
Solids3 mg/L 
200 5565 154 174 175 176 151 177 159 175 161 175 190 216 220 187 217 217 211 194 193 190 174 175 188 183 181 178 161 171 
Conductivity1  
µS/cm 
323 10525 295 303 303 307 302 309 303 307 306 311 307 311 303 308 315 317 326 330 322 326 308 363 306 311 302 306 300 309 
Total 
Suspended 
Solids3, 4 mg/L 
5 3 11 11 3 1 24 2 27 2 4 2 5 0 0 0 0 0 1 0 1 2 3 5 2 2 1 1 2 0 
Turbidity NTU 10 1 1 0 4 0 2 1 26 0 1 1 1 1 1 0 2 0 1 0 0 0 1 0 0 0 1 0 0 0 
Free Cl21 (as 
ppm) 
  
0.4 0.5 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.5 0.4 0.2 0.3 0.2 0.2 0.4 0.4 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Total Cl21 (as 
ppm) 
  
0.6 0.8 0.1 0.1 <0.1 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.6 0.5 0.3 0.4 0.3 0.3 0.5 0.5 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
T-NVOC (as 
ppm) 
                            
2.09 3.36 
1Field/Immediate Test. 2ICP. 3Lab Test. 4Filter blank estimated before 8/1/2014; 8/1/2014 to present filter prewashed. 5Higher than expected, probably due to incomplete rinse time in 
regeneration cycle. 6Small Dark flecks present, probably line was not fully flushed before sampling. 
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Table C-2: IWT and WCTI: Chicago, CDC, Cold Dist. & Soft Water: May 9, 2014 to August 1, 2015. 
Date 
Testing 
Agency 
Water Type 
Total 
Hardness1(as 
CaCO3) mg/L 
Total 
Hardness2(as 
CaCO3) mg/L 
pH1 
Total 
Dissolved 
Solids3 mg/L 
5/9/2014 
IWT 
Cold 142 144.42 7.64 200 
Soft 1 1.554 8.06 5565 
WCTI 
Cold 140   7.9 161 
Soft 0   8.1 165 
6/13/2014 WCTI 
Cold 160   8.2 206 
Soft 0   8.2 205 
7/11/2014 
IWT 
Cold 132 132.75 7.72 154 
Soft Trace 0.27 7.76 174 
WCTI 
Cold 140   8 198 
Soft 0   8 199 
8/1/2014 
IWT 
Cold 146 137.92 7.64 175 
Soft Trace 0.11 7.77 176 
WCTI 
Cold 140   7.9 199 
Soft 0   8 200 
9/19/2014 
IWT 
Cold 132 138.64 7.6 151 
Soft 0 0.14 7.78 177 
WCTI 
Cold 140   7.8 196 
Soft 0   8.1 212 
10/16/2014 
IWT 
Cold 140 139.1 7.68 159 
Soft 0 0.14 7.82 175 
WCTI 
Cold 150   7.7 200 
Soft 0   8.2 201 
11/10/2014 
IWT 
Cold 126 140.47 7.55 161 
Soft 0 1.424 7.73 175 
WCTI 
Cold 140   7.9 200 
Soft 0   8.1 211 
12/12/2014 
IWT 
Cold 128 139.47 7.56 190 
Soft 0 0.18 7.71 216 
WCTI 
Cold 140   7.9 210 
Soft 0   7.9 210 
1/6/2015 
IWT 
Cold 130 139.21 7.69 220 
Soft 0 0.13 7.8 187 
WCTI 
Cold 140   7.8 202 
Soft 0   7.9 204 
2/6/2015 
IWT 
Cold 136 148.02 7.58 217 
Soft 0 0.18 7.78 217 
WCTI 
Cold 140   7.9 212 
Soft 0   2.9 212 
3/6/2015 
IWT 
Cold 140 145.35 7.59 211 
Soft 0 0.23 7.7 194 
WCTI 
Cold 160   7.8 215 
Soft 0   8 211 
4/22/2015 
IWT 
Cold 140 141.09 7.73 193 
Soft 0 0.11 7.9 190 
WCTI 
Cold 140   7.7 211 
Soft 0   7.9 211 
5/6//2015 
IWT 
Cold 136 136.99 7.79 174 
Soft 8 3.16 7.74 175 
WCTI 
Cold 160   7.9 200 
Soft 0   8 202 
6/4/2015 
IWT 
Cold 134 135.07 7.74 188 
Soft 0 0.08 7.92 183 
WCTI 
Cold 140   7.8 198 
Soft 0   8 201 
7/15/2015 
IWT 
Cold 138 134.37 7.63 181 
Soft 0 0.46 7.83 178 
WCTI 
Cold 140   7.7 197 
Soft 0   7.9 200 
8/1/2015 
IWT 
Cold 135 135.16 7.53 161 
Soft 0 0.31 7.76 171 
WCTI 
Cold 140   7.7 196 
Soft 0   7.9 209 
IWT1Field/Immediate Test. 2ICP. 3Lab Test. 4Hardness above the WCTI target of <0.5 mg/L. 5Higher than expected, probably due to incomplete rinse time in regeneration cycle. May 9, 2015: 
IWT detected some hardness in the Soft water sample while WCTI did not. 
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Table C-3: IWT, Chicago - CDC, Cooling Tower Water, May 9 to September 19, 2014. 
Date 5/9/14 COC 7/11/14 COC 8/1/14 COC 9/19/14  COC 10/16/14 COC 11/10/147 COC 12/12/14 COC 1/6/15  COC 2/6/15 COC 3/6/15 COC 4/22/15 COC 5/6/15 COC 6/4/15 COC 7/15/15 COC 8/1/15 COC 
P-Alkalinity1  
(as CaCO3) mg/L 
2000 --- 4200 --- 3600 --- 3500 --- 5800 --- 5300 --- 5000 --- 16 --- 4500 --- 5400 --- 26 --- 16 --- 21 --- 19 --- 96 --- 
M-Alkalinity1  
(as CaCO3) mg/L 
6720 88.4 10,000 98.0 10,800 100.0 13,000 122.6 15,600 156.0 15,900 152.9 15,500 152.0 308 4.1 13,400 134.0 15,500 139.6 400 3.7 236 2.2 236 2.4 208 2.1 900 8.5 
Chloride1 (as Cl) mg/L 890 4.56 
59.3 
1540 102.7 2450 163.3 3100 140.9 2500 147.1 2900 170.6 2450 153.1 41 2.1 2000 117.6 2400 150.0 55 3.4 38 1.7 13 0.7 26 2.0 150 9.3 
Sulfate2 (as SO4) mg/L 3004 91.0 2471 95.0 2712 100.4 3599 133.3 4184 155.0 4395 151.6 4423 158.0 77 2.8 3814 123.0 4114 146.9 94 3.5 54 2.1 62 2.3 53 2.0 252 9.0 
                               
Total Hardness1  
(as CaCO3) mg/L 
60 60.0 64 --- 58 --- 74 --- 74 --- 68 --- 68 --- 5 --- 59 --- 70 --- 12 --- 9 1.1 5 --- Trace --- 22 --- 
Total Hardness2 
(as CaCO3) mg/L 
124.55 80.4 63.47 235.1 67.90 617.3 70.12 500.9 79.69 569.2 73.70 51.9 67.82 376.8 4.91 37.8 67.86 377.0 71.13 309.3 11.31 102.8 8.23 2.6 6.18 77.3 4.90 10.7 22.13 71.4 
Calcium  Hardness1,8 
(as CaCO3) mg/L 
40 --- 46 --- --- --- 30 --- 22 --- 42 --- 42 ---   50 --- 48 ---           
Calcium  Hardness2 
(as CaCO3) mg/L 
98.70 89.7 51.54 190.9 56.20 510.9 56.41 402.9 64.00 45.71 55.79 39.3 50.32 279.6 4.05 31.2 52.63 292.4 55.79 242.6 10.03 91.2 6.37 3.5 5.40 67.5 4.22 14.6 18.92 118.3 
Magnesium Hardness2 
(as CaCO3) mg/L 
25.85 57.4 11.93 --- 11.70 --- 13.72 --- 15.69 --- 17.91 --- 17.51 --- 0.86 --- 15.24 --- 15.34 --- 1.28 --- 1.86 1.4 0.78 --- 0.68 4.0 3.20 22.9 
                               
Nitrate3 (as NO3) mg/L 89.8 22.5 177.5 104.4 174.7 218.4 204.3 120.3 219.9 1110.0 241.7 134.3 274.6 114.4 10.2 4.6 182.0 62.8 202.9 88.2 7.9 3.3 15.3 6.7 16.2 8.1 14.1 7.4 28.6 11.0 
Ammonia3  
(as NH4) mg/L 
3.3 33.1 <0.1 --- <0.1 --- 0.4 --- 0.5 --- 1.4 --- 1.1 --- 0.4 --- 2.3 --- 3.0 --- <0.1 --- <0.1 --- <0.1 --- 0.4 0.8 0.3 0.4 
Iron2 (as Fe) mg/L 0.59 11.8 0.18 18.05 0.12 12.05 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.19 19.05 0.97 97.05 0.91 91.05 0.17 17.05 0.11 11.0 0.10 10.05 0.06 6.05 0.06 6.05 
Copper2 (as Cu) mg/L 0.94 94.0 1.24 124.0 1.49 149.05 2.24 113.5 2.70 135.0 1.81 90.5 1.86 11.6 0.08 8.0 0.46 46.05 0.52 52.05 0.05 5.05 0.04 4.05 0.03 3.05 0.05 5.05 0.15 7.5 
Zinc2 (as Zn) mg/L 0.92 13.1 0.21 10.5 0.16 16.0 0.18 18.0 0.28 28.05 0.26 26.05 0.31 10.3 0.09 4.5 0.56 18.7 0.40 10.0 0.10 10.0 0.06 3.0 0.07 3.5 0.05 2.5 0.06 3.0 
Molybdenum2  
(as Mo) mg/L 
0.50 50.05 0.35 11.7 0.43 43.05 0.51 51.05 0.58 58.05 0.60 60.05 0.58 58.05 0.00 --- 0.53 53.05 0.58 58.05 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Aluminum2 (as Al) mg/L 0.69 2.0 0.23 4.6 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.05 5.05 0.00 --- 0.04 1.0 0.05 1.3 0.00 --- 
Titanium2 (as Ti) mg/L 0.01 1.05 0.01 1.05 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Chromium2  
(as Cr) mg/L 
0.00 --- 0.04 4.05 0.05 5.05 0.07 7.05 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Manganese2  
(as Mn) mg/L 
0.03 3.05 0.02 2.05 0.01 1.05 0.02 2.05 0.03 3.05 0.03 3.05 0.03 3.05 0.01 1.05 0.07 7.05 0.06 6.05 0.01 1.05 0.00 --- 0.01 1.05 0.01 1.05 0.01 1.05 
Lithium2 (as Li) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Sodium2 (as Na) mg/L 7933.0 35.86 
114.1 
6396.3 92.0 7300.8 107.5 9133.0 133.3 10,390.3 143.1 11,068.5 149.2 11,515.5 157.8 203.9 2.9 9368.1 128.9 10,267.5 142.2 257.1 3.5 155.4 2.2 165.4 2.3 147.8 2.0 630.3 9.6 
Potassium2 (as K) mg/L 73.7 73.7 55.8 139.5 72.9 182.3 78.1 260.3 71.6 178.5 74.5 186.3 90.4 180.1 1.6 4.0 67.5 168.8 73.7 105.3 2.1 10.5 1.7 1.4 0.8 2.0 0.5 1.3 2.2 5.5 
Boron2 (as B) mg/L 2.50 62.5 2.02 67.3 2.32 77.3 2.91 97.0 3.33 111.0 3.47 347.05 3.47 347.05 0.08 2.7 2.97 99.0 3.19 319.05 0.08 8.05 0.04 4.05 0.06 2.0 0.05 1.7 0.26 5.2 
Strontium2 (as Sr) mg/L 0.13 13.05 0.08 8.05 0.08 8.05 0.10 10.05 0.10 10.05 0.09 9.05 0.09 9.05 0.01 1.05 0.08 8.05 0.10 10.05 0.02 2.05 0.01 0.50 0.01 1.05 0.01 1.05 0.02 2.05 
Barium2 (as Ba) mg/L 0.11 11.05 0.03 3.05 0.04 4.05 0.04 4.05 0.05 5.05 0.05 5.05 0.05 5.05 0.00 --- 0.04 4.05 0.04 4.05 0.01 1.05 0.00 --- 0.00 --- 0.00 --- 0.01 1.05 
Thallium2 (as Tl) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
                               
Silica3 (as SiO2) mg/L 255 127.5 342 171.0 325 162.5 293 97.7 315 157.5 253 84.3 235 78.3 24 8.0 206 68.7 201 67.0 62 20.7 49 24.5 42 21.0 29 14.5 75 37.5 
Silica2 (as SiO2) mg/L 611.9 436.7 345.9 182.1 316.5 166.6 276.4 145.5 281.9 148.4 206.1 93.7 217.7 90.7 27.9 11.6 176.0 67.7 180.3 69.3 43.8 20.9 37.0 17.6 29.4 19.6 27.7 15.4 57.0 33.5 
Tolytriazole ppm 71.9 --- 70.0 --- 70.0 --- 70.0 --- 85.0 --- 60.0 --- 60.0 --- 5.0 --- 80.0 --- 60.0 --- 0.2 --- 0.1 --- 12.6 --- 2.2 --- 4.0 --- 
Total Phosphate2 
(as PO4) mg/L 
204.04 46.2 160.54 160.5 174.84 215.9 215.37 244.7 249.38 244.5 271.37 249.0 274.89 283.4 5.61 5.4 235.32 219.9 255.94 248.5 3.94 4.1 2.19 3.2 2.47 2.8 2.12 2.8 10.13 8.2 
Total Phosphate3 
(as PO4) mg/L 
98.89 22.7 156.25 137.1 165.92 165.9 200.24 250.3 226.30 203.9 258.99 183.7 262.07 231.9 7.62 6.9 224.64 202.3 251.55 230.8 7.69 7.3 11.45 12.7 6.10 5.4 4.64 5.0 13.30 9.7 
                               
pH1 9.70 --- 9.91 --- 9.85 --- 9.89 --- 9.92 --- 9.76 --- 9.75 --- 8.74 --- 9.79 --- 9.79 --- 8.73 --- 8.63 --- 8.81 --- 8.82 --- 9.29 --- 
Temp°C1 23.5 --- 18.3 --- 24.1 --- 22.4 --- 21.6 --- 22.5 --- 22.2 --- 21.0 --- 22.9 --- 23.1 --- 23.7 --- 20.9 --- 22.0 --- 22.6 --- 22.2 --- 
Total Dissolved Solids3 
mg/L 
10,668 19.26 
61.3 
17,602 101.2 19,230 109.3 23,8927 135.0 26,9106 153.8 28,848 164.8 28,920 133.9 592 3.2 24,836 114.5 27,656 142.6 718 3.8 412 2.4 462 2.5 390 2.2 1698 9.9 
Conductivity1  µS/cm 13,760 13.06 
45.5 
24,340 80.3 32,000 104.2 28,290 91.6 31,230 101.7 33,280 107.0 33,180 106.7 886 2.9 28,810 90.9 31,710 96.1 1123 3.4 679 1.9 735 2.4 637 2.1 2656 8.6 
Total Suspended 
Solids3,4 mg/L 
33 11.0 23 2.1 54 54.0 492 246.0 58 29 NA --- 82 --- 10 --- 49 --- 5 --- 4 2.0 6 1.5 3 1.5 4 4.0 4 --- 
Turbidity NTU 11 11.0 5 5.0 2 --- 2 2.0 2 --- 5 5.0 3 --- 3 --- 6 --- 3 --- 1 --- 1 --- 1 --- 1 --- 7 --- 
Total NVOC ppm                             20.6 6.1 
1Field/Immediate Test. 2ICP. 3Lab Test. 4Filter blank estimated before 8/1/2014, 8/1/2014 to present filter prewashed. 5If makeup water was 0.01 mg/L. 6Soft Water (5/9/14) values higher than expected, so 7/11/14 Soft Water also used (5-9-14/7-11-14). 
7Difficult to evaporate. 8Low value due to interference. 9Tests results different, unknown reason. 
 
 
68 
 
Cycles of Concentration (COC) 
Elements that are Soluble and Indicate Overall COC and TDS and Conductivity 
Table C-4 determines the average COC of each cooling tower water analysis. The highest and lowest values 
were omitted because of possible errors in sampling or analysis. Silica was not used because it is added as the 
steel corrosion inhibitor. The COC ranged from a low of 2.0 (7/15/15) to a high of 166.7 (12/12/2014). The 
tower conductivity, Total Dissolved Solids and COC as expected follow the same pattern (Figure C-1). The 
range of conductivity, TDS and COC of the monthly samples was from a low of 637 µS/cm, 390 mg/L and 2.2 
COC (7/15/2015) to 33,280 µS/cm, 28,848 mg/L and 164.8 COC (11/10/14). 
 
Hardness/Calcium Scaling and COC 
There was good agreement between the total hardness lab test and the ICP test (Tables C-5), except for the 
May 9, 2014, titrated sample that was about 50% of the ICP sample. In general, it was assumed that the 
hardness in the tower is from the softened makeup water. However, it is also possible that previous calcium 
scale is dissolving, which would contribute Calcium hardness to the tower water sample. The target hardness 
in the tower is <30 mg/L which was only achieved when the tower was operating at low COC (January 6, April 
22, May 6, June 4, July 15 and August 1, 2015) 40% of the time. Tower hardness ranged from 4.90 to 79.69 
mg/L. 
 
Metals and COC 
The metals that were 0.00 mg/L in the makeup water were assumed to be 0.01 mg/L to calculate COC. The 
actual COC could actually be higher (Table C-6). If the COC was higher than the Average COC then this is an 
indication of corrosion taking place. All other metals were 0.00 mg/L in the cooling tower samples. 
 
Monthly Silica Levels and COC 
Silica is the steel corrosion inhibitor and the recommended level is 200-400 mg/L. The silica levels and COC are 
noted in Tables C-7 and C-8. Silica was pumped to the makeup water that fed the tower. Because the city 
water only contained 2-3 mg/L silica, significant silica needed to be added which was effective when the tower 
was operating at high COC (Figure C-2). The low COC and resulting low silica was the result of unregulated 
blowdown. 
 
Monthly Tolytriazole Levels and IWT TDS COC, Chicago CDC 
When COC was high (above 20 COC) tolytriazole was satisfactory, at or above recommended levels of 10-20 
ppm. When COC was low, due to unregulated blowdown, tolytriazole was added but was usually below the 
recommended levels (Table C-7 and C-9). The tower was cycled up and maintaining tolytriazole levels until 
January 6, 2015, when unregulated makeup filled the tower with fresh water. This caused the tolytriazole level 
to be low. The tower was cycled up and maintaining tolytriazole levels on February 6 and March 6, 2015, and 
no tolytriazole was added. From April 22 to August 1, 2015, COC dropped when unregulated makeup filled the 
tower with fresh water. This caused the tolytriazole level to be low (tolytriazole was added) and only reached 
recommend levels on June 4, 2015. 
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Table C-4: Average COC, Chicago CDC: May 9, 2014 to August 1, 2015. 
Date 
M-Alkalinity1 
(as CaCO3) mg/L 
Chloride1 
(as Cl) mg/L 
Sulfate2  
(as SO4) mg/L 
Sodium2 
(as Na) mg/L 
Potassium2  
(as K) mg/L 
Boron2 
(as B) mg/L 
Total Phosphate2 
(as PO4) mg/L 
Total Phosphate3 
(as PO4) mg/L 
Total Dissolved 
Solids3 mg/L 
Conductivity1  
µS/cm 
Average 
COC * 
5/9/2014 6720 890 3004 7933 73.7 2.5 204.049 98.899 10,668 13,760  
COC 88.4 4.56/59.3 91 35.86/114.1 73.7 62.5 46.2 22.7 19.26/61.3 13.06/45.5 66 
7/11/2014 10,000 1540 2471 6396.3 55.8 2.02 160.54 156.25 17,602 24,340  
COC 98 102.7 95 92 139.5 67.3 160.5 137.1 101.2 80.3 105.7 
8/1/2014 10,800 2450 2712 7300.8 72.9 2.32 174.84 165.92 19,230 32,000  
COC 100 163.3 100.4 107.5 182.3 77.3 215.9 165.9 109.3 104.2 129.1 
9/19/2014 13,000 3100 3599 9133 78.1 2.91 215.37 200.24 23,892 28,290  
COC 122.6 140.9 133.3 133.3 260.3 97 244.7 250.3 135 91.6 157.1 
10/16/2014 15,600 2500 4184 10,390.30 71.6 3.33 249.38 226.3 269,106 31,230  
COC 156 147.1 155 143.1 178.5 111 244.5 203.9 153.8 101.7 156.1 
11/10/147 15,900 2900 4395 11,068.50 74.5 3.47 271.37 258.99 28,848 33,280  
COC 152.9 170.6 151.6 149.2 186.3 347.05 249 183.7 164.8 107 165.6 
12/12/2014 15,500 2450 4423 11,515.50 90.4 3.47 274.89 262.07 28,920 33,180  
COC 152 153.1 158 157.8 180.1 347.05 283.4 231.9 133.9 106.7 166.7 
1/6/2015 308 41 77 203.9 1.6 0.08 5.61 7.62 592 886  
COC 4.1 2.1 2.8 2.9 4 2.7 5.4 6.9 3.2 2.9 3.2 
2/6/2015 13,400 2000 3814 9368.1 67.5 2.97 235.32 224.64 24,836 28,810  
COC 134 117.6 123 128.9 168.8 99 219.9 202.3 114.5 90.9 136 
3/6/2015 15,500 2400 4114 10,267.50 73.7 3.19 255.94 251.55 27,656 31,710  
COC 139.6 150 146.9 142.2 105.3 319.05 248.5 230.8 142.6 96.1 151.1 
4/22/2015 400 55 94 257.1 2.1 0.08 3.94 7.69 718 1123  
COC 3.7 3.4 3.5 3.5 10.5 8.05 4.1 7.3 3.8 3.4 3.7 
5/6/2015 236 38 54 155.4 1.7 0.04 2.19 11.45 412 679  
COC 2.2 1.7 2.1 2.2 1.4 4.05 3.2 12.7 2.4 1.9 2.1 
6/4/2015 236 13 62 165.4 0.8 0.06 2.47 6.1 462 735  
COC 2.4 0.7 2.3 2.3 2 2 2.8 5.4 2.5 2.4 2.3 
7/15/2015 208 26 53 147.8 0.5 0.05 2.12 4.64 390 637  
COC 2.1 2 2 2 1.3 1.7 2.8 5 2.2 2.1 2 
8/1/2015 900 150 252 630.3 2.2 0.26 10.13 13.3 1698 2656  
COC 8.5 9.3 9 9.6 5.5 5.2 8.2 9.7 9.9 8.6 8.6 
6Soft Water (5/9/14) values higher than expected, so 7/11/14 Soft Water also used (5-9-14/7-11-14). 9Tests results different, unknown reason. *Highest and lowest COC omitted 
in case of errors in analysis or sampling, TDS and Conductivity included.  
 
 
 
 
 
70 
 
Table C-5: Hardness/Calcium Scaling and COC, Chicago CDC: May 9 to September 19, 2014. 
Date 
Total Hardness1 
(as CaCO3) mg/L 
Total Hardness2 
(as CaCO3) mg/L 
Calcium  Hardness1,3 
(as CaCO3) mg/L 
Calcium  Hardness2 
(as CaCO3) mg/L 
Magnesium Hardness2 
(as CaCO3) mg/L 
Average 
COC * 
Notes 
5/9/2014 60 124.55 40 98.7 25.85 
66 
May 9, 2014: The ICP Total and Calcium Hardness were about twice as high as the titrated 
values, possibly due to suspended calcium particles that dissolved in the acid in the ICP sample. 
The Hardness COC (Softener = 1.55 mg/L-ICP) was close to the average COC. COC 60 80.4 --- 89.7 57.4 
7/11/2014 64 63.47 46 51.54 11.93 
105.7 
July 11, 2014: Good agreement between titrations and ICP. The Hardness COC (Softener = 0.27 
mg/L-ICP) was much higher than the average COC. This indicates that the average output of the 
softener was higher than the value tested. COC --- 235.1 --- 190.9 --- 
8/1/2014 58 67.9 --- 56.2 2.92 
129.1 
August 1, 2014: Good agreement between titrations and ICP. The Hardness COC (Softener = 
0.11 mg/L-ICP) was much higher than the average COC. This indicates that the average output of 
the softener was higher than the value tested. COC --- 617.3 --- 510.9 --- 
9/19/2014 74 70.12 30 56.41 13.72 
157.1 
September 19, 2014: Good agreement between titrations and ICP. The Hardness COC (Softener 
= 0.14 mg/L-ICP) was much higher than the average COC. This indicates that the average output 
of the softener was higher than the value tested. COC --- 500.9 --- 402.9 --- 
10/16/2014 74 79.69 22 64 15.69 
156.1 
October 16, 2014: Good agreement between titrations and ICP. The Hardness COC (Softener = 
0.14 mg/L-ICP) was much higher than the average COC. This indicates that the average output of 
the softener was higher than the value tested. COC --- 569.2 --- 45.71 --- 
11/10/147 68 73.7 42 55.79 17.91 
165.6 
November 10, 2014: Good agreement between titrations and ICP. The Hardness COC (Softener 
= 1.42 mg/L-ICP) was much lower than the average COC. This indicates that the average output 
of the softener was lower than the value tested. COC --- 51.9 --- 39.3 --- 
12/12/2014 68 67.82 42 50.32 17.51 
166.7 
December 12, 2014: Good agreement between titrations and ICP. The Hardness COC (Softener = 
0.18 mg/L-ICP) was much higher than the average COC. This indicates that the average output of 
the softener was higher than the value tested. COC --- 376.8 --- 279.6 --- 
1/6/2015 5 4.91 --- 4.05 0.86 
3.2 
January 6, 2015: Good agreement between titrations and ICP. The Hardness COC (Softener = 
0.13 mg/L-ICP) was much higher than the average COC. This indicates that the average output of 
the softener was higher than the value tested. COC --- 37.8 --- 31.2 --- 
2/6/2015 59 67.86 50 52.63 15.24 
136 
February 6, 2015: Good agreement between titrations and ICP. The Hardness COC (Softener = 
0.18 mg/L-ICP) was much higher than the average COC. This indicates that the average output of 
the softener was higher than the value tested. COC --- 377 --- 292.4 --- 
3/6/2015 70 71.13 48 55.79 15.34 
151.1 
March 6, 2015: Good agreement between titrations and ICP. The Hardness COC (Softener = 0.23 
mg/L-ICP) was much higher than the average COC. This indicates that the average output of the 
softener was higher than the value tested. COC --- 309.3 --- 242.6 --- 
4/22/2015 12 11.31 --- 10.03 1.28 
3.7 
April 22, 2015: Good agreement between titrations and ICP. The Hardness COC (Softener = 0.11 
mg/L-ICP) was much higher than the average COC. This indicates that the average output of the 
softener was higher than the value tested. COC --- 102.8 --- 91.2 --- 
5/6/2015 9 8.23 --- 6.37 1.86 
2.1 
May 6, 2015: Good agreement between titrations and ICP. The Hardness COC (Softener = 3.16 
mg/L-ICP) was similar to the average COC. This indicates that some hardness leakage of the 
softener was occurring. COC 1.1 2.6 -- 3.5 1.4 
6/4/2015 5 6.18 --- 5.4 0.78 
2.3 
June 4, 2015: Good agreement between titrations and ICP. The Hardness COC (Softener = 0.08 
mg/L-ICP) was much higher than the average COC. This indicates that the average output of the 
softener was higher than the value tested. COC --- 77.3 --- 67.5 --- 
7/15/2015 Trace 4.9 --- 4.22 0.68 
2 
July 15, 2015: Fair agreement between titrations and ICP. The Hardness COC (Softener = 0.46 
mg/L-ICP) was higher than the average COC. This indicates that the average output of the 
softener was higher than the value tested. COC --- 10.7 --- 14.6 4 
8/1/2015 22 22.13 --- 18.92 3.2 
8.6 
August 1, 2015: Good agreement between titrations and ICP. The Hardness COC (Softener = 
0.31 mg/L-ICP) was much higher than the average COC. This indicates that the average output of 
the softener was higher than the value tested. COC --- 71.4 --- 118.3 22.9 
*From overall COC. 1Lab titration. 2ICP (Acid Added). 3Low value due to interference. 
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Table C-6: Metals and COC, Chicago CDC: May 2014 to October 2015. 
Date 
Iron  
(as Fe) mg/L 
Copper 
(as Cu) mg/L 
Zinc 
(as Zn) mg/L 
Molybdenum  
(as Mo) mg/L 
Aluminum 
(as Al) mg/L 
Titanium  
(as Ti) mg/L 
Chromium  
(as Cr) mg/L 
Manganese  
(as Mn) mg/L 
Average 
COC * 
Notes 
5/9/2014 0.59 0.94 0.92 0.5 0.69 0.01 0 0.03  
Iron was present in the May 9, 2014, July 11, 2014 and August 1, 2014 
samples at low COC, which indicated little or no corrosion. 
Copper COC was slightly above the average COC in all the samples (except 
the September 19, 2014 sample) which indicated that slight copper 
corrosion may have been occurring. The Tolytriazole level (copper corrosion 
inhibitor) was satisfactory. 
Zinc was present in all samples but the COC was below the average COC, 
which indicated little or no corrosion. 
Molybdenum was present in all samples but the COC was below the average 
COC, which indicated little or no corrosion. However, because Molybdenum 
was not present in the makeup water, slight corrosion may have been 
occurring. 
Aluminum was present in the May 9, 2014 and July 11, 2014 samples at low 
COC, which indicated little or no corrosion. 
Titanium was present in the May 9, 2014 and July 11, 2014 samples at low 
COC, which indicated little or no corrosion. 
Chromium was present in all the samples except the May 9, 2014 sample. 
The COCs were low which indicated little or no corrosion. 
Manganese was present in the May 9, 2014, July 11, 2014 and September 
19, 2014 samples at low COC, which indicated little or no corrosion. 
COC 11.8 94 13.1 50.0 2 1.0 --- 3.0 66 
7/11/2014 0.18 1.24 0.21 0.35 0.23 0.01 0.04 0.02  
COC 18.0 124 10.5 11.7 4.6 1.0 4.0 2.0 105.7 
8/1/2014 0.12 1.49 0.16 0.43 0 0 0.05 0.01  
COC 12.0 149.0 16 43.0 --- --- 5.0 1.0 129.1 
9/19/2014 0 2.24 0.18 0.51 0 0 0.07 0.02  
COC --- 113.5 18 51.0 --- --- 7.0 2.0 157.1 
10/16/2014 0 2.7 0.28 0.58 0 0 0 0.03  
Iron was not present in these samples, except January 6, 2015 which had a 
high COC indicating corrosion. Unregulated makeup greatly reduced tower 
COC and Silica levels. 
Copper COC was below average COC in all samples, which indicated that 
copper corrosion was minimal if occurring at all. The Tolytriazole levels 
(copper corrosion inhibitor) were satisfactory. The exception was January 6, 
2015 which had a high COC indicating corrosion. Unregulated makeup 
greatly reduced tower COC and Tolytriazole levels. 
Zinc was present in all samples but the COC was below the average COC, 
which indicated little or no corrosion. The exception was January 6, 2015 
which had a high COC indicating corrosion. Unregulated makeup greatly 
reduced tower COC and Silica levels. 
Molybdenum was present in all samples (except the January 6, 2015 sample) 
but the COC was below the average COC, which indicated little or no 
corrosion. However, because Molybdenum was not present in the makeup 
water, slight corrosion may have been occurring. 
Aluminum, Titanium and Chromium were not present in these samples. 
Manganese was present all samples at low COC, which indicated little or no 
corrosion. 
COC --- 135 28.0 58.0 --- --- --- 3.0 156.1 
11/10/14 0 1.81 0.26 0.6 0 0 0 0.03  
COC --- 90.5 26.0 60.0 --- --- --- 3.0 165.6 
12/12/2014 0 1.86 0.31 0.58 0 0 0 0.03  
COC --- 11.6 10.3 58.0 --- --- --- 3.0 166.7 
1/6/2015 0.19 0.08 0.09 0 0 0 0 0.01  
COC 19.0 8 4.5 --- --- --- --- 1.0 3.2 
2/6/2015 0.97 0.46 0.56 0.53 0 0 0 0.07  
Iron was present in the February 6, 2015 and March 6, 2015 samples at 
below the Average COC, which indicated little or no corrosion. However, at 
lower COC (April 22, 2015 and May 6, 2015 iron was present above the 
Average COC which indicates some corrosion was probably occurring. 
Copper was present in the February 6, 2015 and March 6, 2015 samples at 
below the Average COC, which indicated little or no corrosion. The 
Tolytriazole levels (copper corrosion inhibitor) were satisfactory. However, 
at lower COC (April 22, 2015 and May 6, 2015 copper was present above the 
COC 97.0 46.0 18.7 53.0 --- --- --- 7.0 136 
3/6/2015 0.91 0.52 0.4 0.58 0 0 0 0.06  
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COC 91.0 52.0 10 58.0 --- --- --- 6.0 151.1 
Average COC which indicates some corrosion was probably occurring. 
Tolytriazole levels were low. 
Zinc was present in the February 6, 2015 and March 6, 2015 samples at 
below the Average COC, which indicated little or no corrosion. However, at 
lower COC (April 22, 2015 and May 6, 2015 zinc was present above the 
Average COC which indicates some corrosion was probably occurring.  
Molybdenum was present only in the February 6, 2015 and March 6, 2015 
samples at below the Average COC, which indicated little or no corrosion. 
However, because Molybdenum was not present in the makeup water, slight 
corrosion may have been occurring. 
Aluminum was present in the April 22, 2015 sample at above the average 
COC which indicates some corrosion was probably occurring. 
Titanium and Chromium were not present in these samples. 
Manganese was present in all samples except May 6, 2015 at low COC, 
which indicated little or no corrosion. 
4/22/2015 0.17 0.05 0.1 0 0.05 0 0 0.01  
COC 17.0 5.0 10 --- 5.0 --- --- 1.0 3.7 
5/6/2015 0.11 0.04 0.06 0 0 0 0 0  
COC 11 4.05 3 --- --- --- --- --- 2.1 
6/4/2015 0.1 0.03 0.07 0 0.04 0 0 0.01  
Iron was present in all samples, above the Average COC (June 4 and July 15, 
2015), which indicates some corrosion was probably occurring. The August 1, 
2015 sample contained Iron but was below the average COC. Unregulated 
makeup greatly reduced tower COC and Silica levels. 
Copper was present in all samples, above the Average COC (June 4 and July 
15, 2015), which indicates some corrosion was probably occurring. The 
August 1, 2015 sample contained Copper but was below the average COC. 
Tolytriazole levels were low. 
Zinc was present in all samples, above the Average COC (June 4 and July 15, 
2015), which indicates some corrosion was probably occurring. The August 1, 
2015 sample contained Zinc but was below the average COC. 
Molybdenum was not present.  
Aluminum was present in the June 4 and August 1, 2015 samples at below 
the average COC, which indicated little or no corrosion. However, because 
Aluminum was not present in the makeup water, slight corrosion may have 
been occurring. 
Titanium and Chromium were not present in these samples. 
Manganese was present at low COC, which indicated little or no corrosion. 
COC 10.0 3.0 3.5 --- 1 --- --- 1.0 2.3 
7/15/2015 0.06 0.05 0.05 0 0.05 0 0 0.01  
COC 6.0 5.0 2.5 --- 1.3 0 0 1.0 2 
8/1/2015 0.06 0.15 0.06 0 0 0 0 0.01  
COC 6.0 7.5 3 --- --- 0 0 1.0 8.6 
*From overall COC. 
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Table C-7: IWT and WCTI Chicago CDC: Cooling Tower Water, May 2014 to October 2015. 
Date 
Testing 
Agency 
Total Hardness1 
(as CaCO3) mg/L 
Total Hardness2 
(as CaCO3) mg/L 
Silica3  
(as SiO2) 
mg/L 
Silica2  
(as SiO2) 
mg/L 
Tolytriazole 
ppm 
Benzotriazole 
ppm4 
pH1 
Total 
Dissolved 
Solids3 mg/L 
Notes 
5/9/2014 
IWT 60 124.55 255 611.9 71.9 125.8 9.7 10,668 
Hardness: Good agreement with IWT titration and WCTI. IWT ICP value was double the titration 
value. Possibly small suspended hardness solids were dissolved and measured by the ICP process 
and not measured by titration. Hardness was above WCTI target (30 mg/L). 
Silica: Good agreement between IWT lab test and WCTI, satisfactory levels. The IWT ICP test was 
greater due to measuring polysilicates. WCTI, 12 gallons of silica added in last 21 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than WCTI which was within the 
recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, satisfactory 
levels. 
COC 60 80.4 127.5 436.7 --- --- --- 19.2/61.36 
WCTI 50   290   16.05 28 10.1 10,100 
COC ---   ---   --- --- --- 61.2 
6/13/2014 
WCTI 60   305   28.55 50 9.9 16,710 
Hardness: Above WCTI target (30 mg/L). 
Silica: Satisfactory levels. WCTI, 10.5 gallons of silica added in last 21 days. 
Tolytriazole/Benzotriazole: WCTI which was above the recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Satisfactory. 
Cycles of Concentration (COC): Satisfactory levels. 
COC ---   ---   --- --- --- 81.5 
7/11/2014 
IWT 64 63.47 342 345.9 70 122.5 9.91 17,602 
Hardness: Good agreement with IWT titration and ICP with WCTI. Hardness was above WCTI target 
(30 mg/L). 
Silica: Good agreement between IWT lab test and ICP with WCTI, satisfactory levels. WCTI, 7 
gallons of silica added in last days. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than WCTI which was within the 
recommended levels of 10-20 ppm. WCTI, Tolytriazole was added. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, satisfactory 
levels. 
COC --- 235.1 171 182.1 --- --- --- 101.2 
WCTI 60   310   14.35 25 9.9 20,250 
COC ---   ---   --- --- --- 101.8 
8/1/2014 
IWT 58 67.9 325 316.5 70 122.5 9.85 19,230 
Hardness: Good agreement with IWT titration and ICP with WCTI. Hardness was above WCTI target 
(30 mg/L). 
Silica: Good agreement between IWT lab test and ICP with WCTI, satisfactory levels. WCTI, 9 
gallons of silica added in last 21 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than WCTI which was slightly 
above the recommended levels of 10-20 ppm. WCTI, Tolytriazole was added. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, satisfactory 
levels. 
COC --- 617.3 162.5 166.6 --- --- --- 109.3 
WCTI 60   330   25.75 45 9.9 22,400 
COC ---   ---   --- --- --- 112 
9/19/2014 
IWT 74 70.12 293 276.4 70 122.5 9.89 28,290 Hardness: Good agreement with IWT titration and ICP with WCTI. Hardness was above WCTI target 
(30 mg/L). 
Silica: Good agreement between IWT lab test and ICP with WCTI, satisfactory levels. WCTI, 9 
gallons of silica added in last 21 days (9/19/14). WCTI, 11 gallons of silica added in last 27 days 
(10/16/14). 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than WCTI which was within the 
recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, satisfactory 
levels. 
COC --- 500.9 97.7 145.5 --- --- --- 91.6 
WCTI 70   280   20.05 35 9.89 27,520 
COC ---   ---   --- --- --- 129.8 
10/16/2014 
IWT 74 79.69 315 281.9 85 148.8 9.92 26910-4 
COC --- 569.2 157.5 148.4 --- --- --- 153.8 
WCTI 70   280   20.05 35 9.89 27,520 
COC ---   ---   --- --- --- 129.8 
11/10/2014 IWT 68 73.7 253 206.1 60 105 9.76 28,848 
Hardness: IWT titration and ICP slightly higher than WCTI level. Hardness was above WCTI target 
(30 mg/L). 
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COC --- 51.9 84.3 93.7 --- --- --- 164.8 
Silica: IWT lab test and ICP slightly higher than WCTI level, satisfactory levels. WCTI, 3.5 gallons of 
silica added in last 21 days. The silica pump was leaking and was shut off. A new pump was 
ordered. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than WCTI which was within the 
recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, satisfactory 
levels. 
WCTI 50   185   17.1-5 30 10 32,400 
COC ---   ---   --- --- --- 153.6 
12/12/2014 
IWT 68 67.82 235 217.7 60 105 9.75 28,920 
Hardness: IWT titration and ICP values much higher than WCTI level. Hardness was above WCTI 
target (30 mg/L) according to IWT but within range according to WCTI. 
Silica: Good agreement between IWT lab test and ICP with WCTI, satisfactory levels. WCTI, 1.7 
gallons of silica added in last 28 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than WCTI which was within the 
recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, satisfactory 
levels. 
COC --- 376.8 78.3 90.7 --- --- --- 133.9 
WCTI 10   225   17.15 30 10 32,700 
COC ---   ---   --- --- --- 155.7 
1/6/2015 
IWT 5 4.91 24 27.9 5 8.8 8.74 592 
Hardness: Good agreement with IWT titration and ICP with WCTI. 
Silica: IWT lab test and ICP much lower than WCTI level, below the target (200-400 mg/L). WCTI, 25 
gallons of silica added in last 21 days. 
Tolytriazole/Benzotriazole: IWT levels much higher than WCTI which was below the 
recommended levels of 10-20 ppm. Extremely low due to unregulated makeup. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI levels. Extremely low due to 
unregulated makeup. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI levels. Extremely low due 
to unregulated makeup. 
COC --- 37.8 8 11.6 --- --- --- 3.2 
WCTI 0   70   0.6-5 1 9 610 
COC ---   ---   --- --- --- 3 
2/6/2015 
IWT 59 67.86 206 176 80 140 9.79 24,836 
Hardness: IWT titration and ICP values much higher than WCTI level. Hardness was above WCTI 
target (30 mg/L) according to IWT but within range according to WCTI. 
Silica: Good agreement between IWT lab test and ICP with WCTI, satisfactory levels. WCTI, 3.3 
gallons of silica added in last 14 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than WCTI which was within the 
recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, satisfactory 
levels. 
COC --- 377 68.7 67.7 --- --- --- 114.5 
WCTI 0   200   14.3-5 25 10 32,000 
COC ---   ---   --- --- --- 150.9 
3/6/2015 
IWT 70 71.13 201 180.3 60 105 9.79 27,656 
Hardness: IWT titration and ICP values much higher than WCTI level. Hardness was above WCTI 
target (30 mg/L) according to IWT but within range according to WCTI. 
Silica: Good agreement between IWT lab test and ICP with WCTI, slightly below the 200-400 mg/L 
target. WCTI, 10 gallons of silica added in last 11 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than WCTI which was within the 
recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI values, satisfactory 
levels. 
COC --- 309.3 67 69.3 --- --- --- 142.6 
WCTI 0   180   17.1-5 30 10 31,000 
COC ---   ---   --- --- --- 146.9 
4/22/2015 
IWT 12 11.31 62 43.8 0.2 0.4 8.73 718 
Hardness: IWT titration and ICP values much higher than WCTI level, but within range according to 
WCTI. 
Silica: IWT lab test and ICP much lower than WCTI level, below the target (200-400 mg/L). WCTI, 5 
gallons of silica added in last 19 days. 
Tolytriazole/Benzotriazole: Extremely low due to unregulated makeup. WCTI, Tolytriazole was 
added. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI levels. Extremely low due to 
COC --- 102.8 20.7 20.9 --- --- --- 3.8 
WCTI 0   90   1.1-5 2 9.1 780 
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COC ---   ---   --- --- --- 3.7 
unregulated makeup. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI levels. Extremely low due 
to unregulated makeup. 
5/6/2015 
IWT 9 8.23 49 37 0.1 0.2 8.63 412 
Hardness: IWT titration and ICP values higher than WCTI level, but within range according to WCTI. 
Silica: IWT lab test and ICP much lower than WCTI level, below the target (200-400 mg/L). WCTI, 14 
gallons of silica added in last 14 days. 
Tolytriazole/Benzotriazole: Extremely low due to unregulated makeup. WCTI, Tolytriazole was 
added. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI levels. Extremely low due to 
unregulated makeup. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI levels. Extremely low due 
to unregulated makeup. 
COC 1.1 2.6 24.5 17.6 --- --- --- 2.4 
WCTI 0   100   1.1-5 2 9 464 
COC ---   ---   --- --- --- 2.3 
6/4/2015 
IWT 5 6.18 42 29.4 12.6 22.1 8.81 462 
Hardness: IWT titration and ICP values higher than WCTI level, but within range according to WCTI. 
Silica: IWT lab test and ICP much lower than WCTI level, below the target (200-400 mg/L). WCTI, 
11.5 gallons of silica added in last 13 days. 
Tolytriazole/Benzotriazole: IWT levels slightly higher (within range) than WCTI which was below 
the recommended levels of 10-20 ppm. WCTI, Tolytriazole was added. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI levels. Extremely low due to 
unregulated makeup. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI levels. Extremely low due 
to unregulated makeup. 
COC --- 77.3 21 19.6 --- --- --- 2.5 
WCTI 0   80   8.0-5 14 9 504 
COC ---   ---   --- --- --- 2.5 
7/15/2015 
IWT Trace 4.9 29 27.7 2.2 3.9 8.82 390 
Hardness: IWT ICP values higher than IWT titration and WCTI level, but within range according to 
WCTI. 
Silica: IWT lab test and ICP much lower than WCTI level, below the target (200-400 mg/L). WCTI, 
10.5 gallons of silica added in last 9 days. 
Tolytriazole/Benzotriazole: Good agreement between IWT and WCTI tests and both were below 
the recommended levels of 10-20 ppm. Extremely low due to unregulated makeup. WCTI, 
Tolytriazole was added. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI levels. Extremely low due to 
unregulated makeup. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI levels. Extremely low due 
to unregulated makeup. 
COC --- 10.7 14.5 15.4 --- --- --- 2.2 
WCTI 0   80   2.3-5 4 8.9 436 
COC ---   ---   --- --- --- 2.2 
8/1/2015 
IWT 22 22.13 75 57 4 7 9.29 1698 
Hardness: IWT titration and ICP values higher than WCTI level, but within range according to WCTI. 
Silica: IWT lab test and ICP much lower than WCTI level, below the target (200-400 mg/L). WCTI, 12 
gallons of silica added in last 16 days. 
Tolytriazole/Benzotriazole: IWT levels slightly higher than WCTI and both were below the 
recommended levels of 10-20 ppm. WCTI, Tolytriazole was added. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI levels. Extremely low due to 
unregulated makeup. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI levels. Extremely low due 
to unregulated makeup. 
COC --- 71.4 37.5 33.5 --- --- --- 9.9 
WCTI 0   115   2.3-5 4 9.4 1965 
COC ---   ---   --- --- --- 9.4 
IWT 1Field/Immediate Test. 2ICP. 3Lab Test. 4WCTI actually measured Benzotriazole and IWT Benzotriazole is 175% of Tolytriazole. 5Tolytriazole is calculated from Benzotriazole.  
6Soft Water (5/9/14) values higher than expected, so 7/11/14 Soft Water also used (5-9-14/7-11-14). 
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Table C-8: Silica (SiO2, mg/L) Levels and IWT TDS COC: May 9, 2014 to August 1, 2015. 
Date 5/9/14 7/11/14 8/1/14 9/19/14 10/19/15 11/10/14 12/12/14 1/6/15 2/6/15 3/6/15 4/22/15 5/6/15 6/4/15 7/15/15 8/1/15 
Silica IWT-Lab 255 342 325 293 315 253 235 24 206 201 62 49 42 29 75 
Silica IWT-ICP 611.9 345.9 316.5 276.4 281.9 206.1 217.7 27.9 176.0 180.3 43.8 37.0 29.4 27.7 57.0 
Silica WCTI 290 310 330 280 280 185 225 70 200 180 90 100 80 80 115 
COC 61.3 101.2 109.3 135.0 153.8 164.8 133.9 3.2 114.5 142.6 3.8 2.4 2.5 2.2 9.9 
WCTI Service 
Report 
(5/9/14) 12 
gallons of silica 
added in last 21 
days. 
(6/13/14) 10.5 
gallons of silica 
added in last 21 
days (no IWT 
tests). 
 
7 gallons 
of silica 
added in 
last days. 
 
9 gallons 
of silica 
added in 
last 21 
days. 
 
9 gallons 
of silica 
added in 
last 21 
days. 
 
11 gallons 
of silica 
added in 
last 27 
days. 
 
3.5 gallons of 
silica added in 
last 21 days. 
The silica pump 
was leaking and 
was shut off. A 
new pump was 
ordered.  
 
1.7 gallons of 
silica added in 
last 28 days. 
 
25 gallons 
of silica 
added in 
last 21 
days. 
 
3.3 gallons 
of silica 
added in 
last 14 
days. 
 
10 gallons 
of silica 
added in 
last 11 
days. 
 
5 gallons 
of silica 
added in 
last 19 
days. 
 
14 gallons 
of silica 
added in 
last 14 
days. 
 
11.5 gallons 
of silica 
added in 
last 13 
days. 
 
10.5 gallons 
of silica 
added in 
last 9 days. 
 
12 gallons 
of silica 
added in 
last 16 
days. 
 
Silica Recommended Levels 200-400 mg/L and COC Recommended Levels >20COC (in Bold)  
 
  
 
Table C-9: Tolytriazole/Benzotriazole (ppm) Levels and IWT TDS COC: May 9, 2014 to August 1, 2015. 
Date 5/9/14 7/11/14 8/1/14 9/19/14 10/19/15 11/10/14 12/12/14 1/6/15 2/6/15 3/6/15 4/22/15 5/6/15 6/4/15 7/15/15 8/1/15 
Tolytriazole 
IWT 
71.9 70.0 70.0 70.0 85.0 60.0 60.0 5.0 80.0 60.0 0.2 0.1 12.6 2.2 4.0 
Tolytriazole 
WCTI2 
16.0 14.3 25.7 20.0 20.0 17.1 17.1 0.6 14.3 17.1 1.1 1.1 8.0 2.3 2.3 
Benzotriazo
le IWT1 
125.8 122.5 122.5 122.5 148.8 105.0 105.0 8.8 140.0 105.0 0.4 0.2 22.1 3.9 7.0 
Benzotriazo
le WCTI1 
28 25 45 35 35 30 30 1 25 30 2 2 14 4 4 
COC 61.3 101.2 109.3 135.0 153.8 164.8 133.9 3.2 114.5 142.6 3.8 2.4 2.5 2.2 9.9 
WCTI 
Service 
Report 
(5/9/14) 
No 
tolytriazol
e was 
added. 
(6/13/14) 
No 
tolytriazol
e was 
added. 
 
Tolytriazol
e was 
added. 
 
Tolytriazol
e was 
added. 
 
No 
tolytriazol
e was 
added. 
 
No 
tolytriazol
e was 
added. 
 
No 
tolytriazol
e was 
added. 
 
No 
tolytriazol
e was 
added. 
 
No 
tolytriazol
e was 
added. 
 
No 
tolytriazol
e was 
added. 
 
No 
tolytriazol
e was 
added. 
 
Tolytriazol
e was 
added. 
 
Tolytriazol
e was 
added. 
 
Tolytriazol
e was 
added. 
 
Tolytriazol
e was 
added. 
 
Tolytriazol
e was 
added. 
 
Tolytriazole Recommended Levels 10-20 ppm (in Bold) and COC Recommended Levels >20COC (in Bold). 1WCTI actually measured Benzotriazole and IWT Benzotriazole is 175% 
of Tolytriazole. 2Tolytriazole is calculated from Benzotriazole. 34/21/15  
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Figure C-1: Conductivity, TDS, & TDS COC of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015. 
 
 
 
 
Figure C-2: Silica & TDS COC of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015. 
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Corrator Probe Corrosion Rates 
The corrator probe corrosion measurements were performed through WCTI for stainless steel, mild steel and 
copper (Table C-10). The corrator probe corrosion rates were excellent during the study period but only very 
good for mild steel and moderate for copper (Table C-11) on October 22, 2013, before the study began (Table 
C-10).  
 Stainless Steel: No Corrosion was indicated. 
 Mild Steel: Very Good (October 22, 2013), Excellent (August 28, 2014) and Excellent (June 4, 2015, 
Figure C-3). There was some tendency toward pitting due to low COC and Silica Table C-10 and 11, 
which used Silica IWT-Lab and COC to make Figure C-4. 
 Copper: Moderate (October 22, 2013), Excellent with a very slight tendency toward pitting (August 28, 
2014) and Excellent (June 4, 2015, Figure C-5). The corrosion rates were Excellent when the 
Tolytriazole IWT-Lab and COC were within range August 28, 2014 (Table C-11) and when the 
Tolytriazole IWT-Lab was within range but COC was low on June 4, 2015 (Figure C-6 and Table C-11).  
 
 
 
Table C-10: Chicago CDC, Corrator Probe Corrosion Rates: October 26, 2013 to June 4, 2015. 
Date Measurement Stainless Steel Mild Steel Copper 
10/22/133 Corrosion MPY1 0.00 0.59 0.31 
Imbalance2 0.00 0.00 0.00 
8/12/14 Corrosion MPY1 0.00 0.00 0.00 
Imbalance2 0.00 0.00 0.01 
6/4/2015 Corrosion MPY1 0.00 0.09 0.00 
Imbalance2 0.00 0.12 0.00 
1MPY = mills per year, 2Imbalance indicates pitting tendency. It has been found empirically that when the imbalance reading is less 
than the corrosion rate reading or close to zero, corrosion is general corrosion with insignificant pitting. If the imbalance becomes 
more erratic and similar to or greater than the corrosion rate value, this is indicative of increased pitting. If the imbalance is up to 
ten times greater than the corrosion rate or very erratic this is indicative of a significant pitting which should be verified by visual 
inspection of the probe electrodes. 3There was some mild steel and copper corrosion before this study started. 
 
 
 
Table C-11: Corrosion Coupon Corrosion Rates for Cooling Towers. 
Description Mild Steel-MPY Copper-MPY Stainless Steel -MPY 
Excellent < 0.50 <0.10 <0.03 
Very Good 0.50 to 0.99 0.10 to 0.19 0.04 to 0.06 
Good 1.00 to 1.99 0.20 to 0.29 0.07 to 0.10 
Moderate to Fair 2.00 to 2.99 0.30 to 0.49 0.11 to 0.14 
Poor 3.00 to 5.00 0.50 to 1.00 0.15 to 0.20 
Very Poor to Severe > 5.00 > 1.00 > 0.20 
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Figure C-3: Mild Steel Corrosion of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015. 
 
 
 
 
Figure C-4: Mild Steel Corrosion, Silica & TDS COC of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015. 
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Figure C-5 Copper Corrosion of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015. 
 
 
 
 
Figure C-6 Copper Corrosion, Triazole, & TDS COC of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015.
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Biological 
Chlorine, pH, ATP, fungi, aerobic bacteria and Legionella were tested on all cooling tower samples (Table C-
12). pH between 9.7 and 10.0 was needed to reduce biological growth. According to the WCTI Site Visit 
Reports, biocide (Belicide 355) was added throughout the season, except for July 11, 2014, February 6, March 
6 and July 15, 2015. 
 
Chlorine 
Only a small amount of chlorine was present, presumably left over from the cold distribution chlorine. No 
supplemental chlorine was added. 
 
pH 
A pH of 9.7 to 10.0 needs to be maintained to reduce or eliminate bacteria growth. pH follows TDS/COC and 
the target for COC was 20 COC as a minimum. To achieve pH 9.7 or greater the COC ranged from 61 to 164, 
the TDS range was 10,668 to 28,920 mg/L. The pH was in the recommended level 62.5 % of the time. 
 
ATP 
ATP had great variation and ranged from 0 to 33,364 RLU (Figure C-7, 8 and 11. Figure C-7 illustrates the 
variation of ATP and the Guidelines from Table C-14. Poor readings comprise 33% of the samples and 47% 
were good or better (Table C-13). 
 
The ATP values indicated excellent to extremely poor control (Figure C-7). Excellent and good ATP values 
occurred 33% of the time when the COC was high but only 13% of the time when COC was low (Table C-14). 
This indicates that the high conductivity/TDS/COC/pH depresses biological growth to some degree (Figure C-
8). 
 
Fungi 
No fungi should be present in a tower that is under good biological control. Some fungi are slower growing 
than others so the media is examined after 2-5 days as well as 10-15 days. No fungi was present in any of the 
samples except the April 22, 2015 sample (60 CFU/mL) after 10-15 days. 
 
Aerobic Bacteria 
The information below is illustrated in Figure C-9. In general longer incubation times resulted in higher values 
regardless of the test. Bacteria ranged from <100 to 10,000,000 CFU/mL (Figure C-9). All samples tested by 
WCTI gave the result of <10,000 CFU/mL which indicated excellent control. IWT and Phigenics is probably 
getting higher bacteria results than WCTI because of growth in the bottle between the time the sample is 
taken, and the time it is tested in our lab. 
 
The bacteria values indicated excellent to extremely poor control. Excellent and good ATP values occurred 
31% of the time when the COC was high but only 26% of the time when COC was low (Table C-14). This 
indicates that the high conductivity/TDS/COC/pH depresses biological growth to some degree (Figure C-10). 
 
Legionella, Phigenics PVT Test 
Legionella was not found in any of the samples. 
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Table C-12: Cooling Tower, Biological, Chicago CDC: May 9, 2014 to August 1, 2015. 
Date 5/9/14 6/13/14 7/11/14 8/1/14 9/19/14 10/16/14 11/10/14 12/12/14 1/6/15 2/6/15 3/6/15 4/22/15 5/6/15 6/4/15 7/15/15 8/1/15 
Free Cl21  ppm   0.1 0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Total Cl21 ppm   0.1 0.2 0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
                 
pH 9.70 9.93 9.91 9.85 9.89 9.92 9.76 9.75 8.74 9.79 9.79 8.73 8.63 8.81 8.82 9.29 
notes pH was at 
the low 
end (9.70) 
of the 
target of 
pH 9.7 to 
10.0 so 
some 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.9) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.91) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.85) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.89) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.92) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was at 
the low 
end (9.76) 
of the 
target of 
pH 9.7 to 
10.0 so 
some 
reduction 
of 
biological 
growth 
was 
expected. 
pH was at 
the low 
end (9.75) 
of the 
target of 
pH 9.7 to 
10.0 so 
some 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
below 
(8.74) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was not 
expected. 
pH was at 
the low 
end (9.79) 
of the 
target of 
pH 9.7 to 
10.0 so 
some 
reduction 
of 
biological 
growth 
was 
expected. 
pH was at 
the low 
end (9.79) 
of the 
target of 
pH 9.7 to 
10.0 so 
some 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
below 
(8.73) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was not 
expected. 
pH was 
below 
(8.63) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was not 
expected. 
pH was 
below 
(8.81) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was not 
expected. 
pH was 
below 
(8.82) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was not 
expected. 
pH was 
below 
(9.29) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was not 
expected. 
                 
Total ATP1 RLU (Ultrasnap) 24,690  67 29,290             
Total ATP1 RLU     258 770 4969 2104 16,305 1573 170 616,021 111,846 160,907 96,5285 621,213 
Free (Dead) ATP1 RLU 
(Percent) 
    92 (36%) 0 (0%) 3360 
(68%) 
168 (8%) 9758 
(60%) 
2023 
(100%) 
0 (0%) 219,917 
(36%) 
54,139 
(48%) 
211,197 
(100%) 
63,1645 
(65%) 
649,464 
(100%) 
Living ATP1,4 RLU (Percent)     166 (64%) 770 
(100%) 
1609 
(32%) 
1936 
(92%) 
6547 
(40%) 
0 (0%) 170 
(100%) 
396,104 
(64%) 
57,707 
(52%) 
-50,290 
(0%) 
33,3645 
(35%) 
-28,251 
(0%) 
Notes Total ATP 
(Ultrasnap) 
was high 
indicating 
extremely 
poor 
control. 
WCTI 
sample 
only, no 
ATP. 
Total ATP 
(Ultrasnap) 
was very 
low 
indicating 
excellent 
control. 
Total ATP 
(Ultrasnap) 
was high 
indicating 
extremely 
poor 
control. 
The Total 
ATP was 
low 
indicating 
excellent 
control but 
64% of the 
ATP (166 
RLU) was 
from living 
cells. 
The Total 
ATP was 
low 
indicating 
good 
control but 
100% of 
the ATP 
(770 RLU) 
was from 
living cells. 
The Total 
ATP was 
somewhat 
high 
indicating 
poor 
control but 
68% of the 
ATP (3360 
RLU) was 
from dead 
cells. 
The Total 
ATP was 
somewhat 
high 
indicating 
poor 
control 
92% of the 
ATP (1936 
RLU) was 
from living 
cells. 
The Total 
ATP was 
high 
indicating 
extremely 
poor 
control but 
60% of the 
ATP (9758 
RLU) was 
from dead 
cells. 
The Total 
ATP was 
high 
indicating 
poor 
control but 
100% of 
the ATP 
(2023 RLU) 
was from 
dead cells. 
The Total 
ATP was 
low 
indicating 
excellent 
control but 
100% of 
the ATP 
(170 RLU) 
was from 
live cells. 
The Total 
ATP was 
high 
indicating 
extremely 
poor 
control 
and 64% of 
the ATP 
(396,104 
RLU) was 
from living 
cells. 
The Total 
ATP was 
high 
indicating 
extremely 
poor 
control 
and 52% of 
the ATP 
(57,707 
RLU) was 
from living 
cells. 
The Total 
ATP was 
high 
indicating 
extremely 
poor 
control but 
100% of 
the ATP 
(211,197 
RLU) was 
from dead 
cells. 
The Total 
ATP was 
high 
indicating 
extremely 
poor 
control but 
65% of the 
ATP 
(63,164 
RLU) was 
from dead 
cells. The 
test was 
performed 
on July 25, 
2015 so 
bacteria 
could have 
grown in 
the bottle 
before 
analysis. 
The Total 
ATP was 
high 
indicating 
extremely 
poor 
control but 
100% of 
the ATP 
(211,197 
RLU) was 
from dead 
cells. 
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Fungi1 CFU/mL (2-5 days)    <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 
Fungi1 CFU/mL (10-15 
days) 
   <10 <10 <10 <10 <10 <10 <10 <10 60 <10 <10 <10 <10 
                 
Aerobic Bacteria1 CFU/mL 
(2-5 days) 
   125 <100 <100 750 <100 <100 600 5,000,000 100,000 1000 <100 <100 1,000,000 
Aerobic Bacteria1 CFU/mL 
(10-15 days) 
  100,000 1,500,000 <100 <100 1,000,000 1,000,000 <100 100,000 5,010,000 1,000,000 10,000 100 20 10,000,000 
Aerobic Bacteria2 CFU/mL  
(6-8 days) 
  --- 1,000,000 1,000,000 10,000 100,000 10,000 10,000,000 100,000 1000 100,000 10,000 10,000 10,000 10,000,000 
Aerobic Bacteria3 CFU/mL 
(2 days) 
<10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 
Notes Only 
tested by 
WCTI, 
which 
indicated 
excellent 
control. 
June 13, 
2014: Only 
tested by 
WCTI, 
which 
indicated 
excellent 
control. 
July 11, 
2014: IWT 
(10-15 
days) 
indicated 
poor 
control. 
August 1, 
2014: The 
IWT (2-5 
days) 
indicated 
excellent 
control but 
the IWT 
(10-15 
days) and 
PVT 
indicated 
extremely 
poor 
control. 
September 
19, 2014: 
The IWT 
(2-5 days 
and 10-15 
days) 
indicated 
excellent 
control. 
However, 
the PVT 
test 
indicated 
extremely 
poor 
control. 
October 
16, 2014: 
The IWT 
(2-5 days 
and 10-15 
days) 
indicated 
excellent 
control, 
and the 
PVT test 
indicated 
good 
control. 
November 
10, 2014: 
The IWT 
(2-5 days) 
indicated 
excellent 
control but 
the IWT 
(10-15 
days) 
indicated 
extremely 
poor 
control 
and PVT 
indicated 
poor 
control. 
December 
12, 2014: 
The IWT 
(2-5 days) 
indicated 
excellent 
control but 
the IWT 
(10-15 
days) 
indicated 
extremely 
poor 
control 
while the 
PVT 
indicated 
good 
control. 
January 6, 
2015: The 
IWT (2-5 
days and 
10-15 
days) 
indicated 
excellent 
control, 
but the 
PVT test 
indicated 
extremely 
poor 
control. 
February 
6, 2015: 
The IWT 
(2-5 days) 
indicated 
excellent 
control but 
the IWT 
(10-15 
days) and 
PVT 
indicated 
poor 
control.  
 
March 6, 
2015: The 
IWT (2-5 
days and 
10-15 
days) 
indicated 
extremely 
poor 
control, 
and the 
PVT test 
indicated 
excellent 
control. 
 
April 22, 
2015: IWT 
(2-5 days) 
and PVT 
tests 
indicated 
poor 
control 
and the 
IWT (10-15 
days) 
indicated 
extremely 
poor 
control. 
 
May 6, 
2015: IWT 
(2-5 days) 
indicated 
excellent 
control 
and IWT 
and PVT 
tests 
indicated 
good 
control. 
 
June 4, 
2015: The 
IWT (2-5 
days and 
10-15 
days) 
indicated 
excellent 
control 
and PVT 
tests 
indicated 
good 
control. 
 
July 15, 
2015: The 
IWT (2-5 
days and 
10-15 
days) 
indicated 
excellent 
control 
and PVT 
tests 
indicated 
good 
control. 
 
August 1, 
2015: The 
IWT (2-5 
days and 
10-15 
days) and 
PVT tests 
indicated 
extremely 
poor 
control. 
                 
Legionella2 CFU/mL                 
    L. pneumophila 
(serogroup 1) 
   0 0 0 0 0 0 0 0 0 0 0 0 0 
    L. pneumophila 
(serogroup 2-14) 
   0 0 0 0 0 0 0 0 0 0 0 0 0 
    L. species    0 0 0 0 0 0 0 0 0 0 0 0 0 
Notes Limited 
contradict
ory data, 
no 
conclusion. 
WCTI 
biocide 
was 
added. The 
tower was 
cycled up 
at 61.3 
Only 
tested by 
WCTI, 
which 
indicated 
excellent 
control. 
WCTI 
biocide 
was 
added. The 
tower was 
Limited 
contradict
ory data, 
no 
conclusion. 
The tower 
was cycled 
up at 
101.2 COC 
(17,602 
mg/L TDS) 
and pH 
High ATP 
and 
Bacteria 
(IWT (10-
15 days) 
and PVT) 
indicated 
extremely 
poor 
control. 
WCTI 
biocide 
was 
added. The 
Excellent 
control 
indicated 
by ATP and 
bacteria 
tests 
except PVT 
bacteria. 
WCTI 
biocide 
was 
added. The 
tower was 
cycled up 
Excellent 
Control 
indicated 
by ATP and 
bacteria 
tests. 
WCTI 
biocide 
was 
added. The 
tower was 
cycled up 
at 153.8 
COC 
Poor 
control 
indicated 
by ATP and 
bacteria 
tests 
except 
WCTI 
bacteria. 
WCTI 
biocide 
was 
added. The 
tower was 
Contradict
ory data, 
ATP and 
IWT 
bacteria 
(10-15 
days) poor 
control but 
PVT and 
WCTI 
bacteria, 
good 
control. 
WCTI 
Contradict
ory data, 
ATP and 
PVT 
bacteria 
extremely 
poor 
control but 
IWT and 
WCTI 
bacteria, 
excellent 
control. 
WCTI 
Contradict
ory data, 
ATP and 
WCTI 
bacteria 
excellent 
control but 
IWT (10-15 
days) and 
PVT 
bacteria, 
poor 
control. 
The tower 
Contradict
ory data, 
ATP and 
PVT and 
WCTI 
bacteria 
excellent 
control but 
IWT, 
extremely 
poor 
control. 
The tower 
was cycled 
Poor to 
extremely 
poor 
indicated 
by ATP, 
fungi and 
bacteria 
tests. Due 
to 
unregulate
d makeup 
the tower 
was 
operating 
Bacteria 
indicated 
excellent 
to good 
control 
and 
although 
ATP was 
high, 48% 
of the ATP 
was from 
dead cells. 
WCTI 
biocide 
ATP 
appeared 
to be 
extremely 
High but 
100% was 
due to 
dead cells 
and 
bacteria 
indicated 
excellent 
to good 
control. 
ATP 
appeared 
to be 
extremely 
high but 
65% was 
due to 
dead cells 
and 
bacteria 
indicated 
excellent 
to good 
control. 
Contradict
ory data, 
ATP 
indicated 
excellent 
control but 
IWT (2-5 
and 10-15 
days) and 
PVT 
bacteria, 
indicated 
extremely 
poor 
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COC 
(10,668 
mg/L TDS) 
and pH 
was 
satisfactor
y (9.70). 
cycled up 
at 51.5 
COC 
(16,710 
mg/L TDS) 
and pH 
was 
satisfactor
y (9.9). 
was 
satisfactor
y (9.91). 
tower was 
cycled up 
at 109.2 
COC 
(19,230 
mg/L TDS) 
and pH 
was 
satisfactor
y (9.85). 
at 91.6 
COC 
(28,290 
mg/L TDS) 
and pH 
was 
satisfactor
y (9.89). 
(26,910 
mg/L TDS) 
and pH 
was 
satisfactor
y (9.92). 
cycled up 
at 164.8 
COC 
(28,848 
mg/L TDS) 
and pH 
was 
satisfactor
y (9.76). 
biocide 
was 
added. The 
tower was 
cycled up 
at 133.9 
COC 
(28,920 
mg/L TDS) 
and pH 
was 
satisfactor
y (9.75). 
biocide 
was 
added. The 
tower was 
not cycled 
up at 3.3 
COC 
(592mg/L 
TDS) and 
pH was 
low (8.74). 
was cycled 
up at 
114.6 COC 
(24,836 
mg/L TDS) 
and pH 
was 
satisfactor
y (9.79). 
up at 
142.6 COC 
(27,656 
mg/L TDS) 
and pH 
was 
satisfactor
y (9.75). 
at low 
COC. WCTI 
biocide 
was 
added. The 
tower was 
not cycled 
up at 3.8 
COC 
(718mg/L 
TDS) and 
pH was 
low (8.73). 
was 
added. The 
tower was 
not cycled 
up at 2.4 
COC (412 
mg/L TDS) 
and pH 
was low 
(8.63). 
WCTI 
biocide 
was 
added. The 
tower was 
not cycled 
up at 2.5 
COC (462 
mg/L TDS) 
and pH 
was low 
(8.81). 
The tower 
was not 
cycled up 
at 2.2 COC 
(390 mg/L 
TDS) and 
pH was 
low (8.82). 
control. 
WCTI 
biocide 
was 
added. The 
tower was 
not cycled 
up at 9.9 
COC (1965 
mg/L TDS) 
and pH 
was low 
(8.29). 
1IWT Field/Immediate Test. 2Phigenics PVT Test. 3WCTI Test. 4Calculated. 5Test performed 7/25/2015. 
 
 
 
Table C-13: ATP and COC. 
ATP Excellent Percent Good Percent Poor  Percent Extremely 
 Poor 
Percent 
COC <20 2 13% 0 0% 1 7% 3 20% 
COC >20 4 27% 1 7% 2 13% 2 13% 
Total 6 40% 1 7% 3 20% 5 33% 
 
 
 
Table C-14: Bacteria and COC. 
Testing Excellent Percent Good Percent Fair Percent Poor Percent Extremely Poor Percent 
<20 COC 
2-5 Days1 4 10%     1 3% 1 3% 
6-8 Days2   2 5%   1 3% 2 5% 
10-15 Days1 3 8% 1 3%     2 5% 
Total 7 18% 3 8%   2 5% 5 13% 
>20 COC 
2-5 Days1 6 15%       1 3% 
6-8 Days2 1 3% 2 5%   2 5% 2 5% 
10-15 Days1 2 5% 1 3%   2 5% 4 10% 
Total 9 23% 3 8%   4 10% 7 18% 
Total 
2-5 Days1 10 25%     1 3% 2 5% 
6-8 Days2 1 3% 4 10%   3 8% 4 10% 
10-15 Days1 5 13% 2 5%   2 5% 6 15% 
Total 16 40% 6 15%   6 15% 12 30% 
1IWT, 2Phigenics 
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Figure C-7: ATP of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015. 
 
 
 
 
Figure C-8: ATP & TDS COC of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015. 
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Figure C-9: Bacteria of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015. 
 
 
 
 
Figure C-10: Bacteria & TDS COC of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015. 
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Figure C-11: ATP & Bacteria of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015. 
 
 
 
  
0
1
10
100
1,000
10,000
100,000
1,000,000
10,000,000
9
-M
ay
2
4
-M
ay
8
-J
u
n
2
3
-J
u
n
8
-J
u
l
2
3
-J
u
l
7
-A
u
g
2
2
-A
u
g
6
-S
ep
2
1
-S
ep
6
-O
ct
2
1
-O
ct
5
-N
o
v
2
0
-N
o
v
5
-D
ec
2
0
-D
ec
4
-J
an
1
9
-J
an
3
-F
eb
1
8
-F
eb
5
-M
ar
2
0
-M
ar
4
-A
p
r
1
9
-A
p
r
4
-M
ay
1
9
-M
ay
3
-J
u
n
1
8
-J
u
n
3
-J
u
l
1
8
-J
u
l
2
-A
u
g
A
TP
 (
R
LU
) 
&
 B
ac
te
ri
a 
(c
/m
L)
Date 2014 - 2015
Bacteria - Poor
Bacteria - Fair
Bacteria - Good
ATP - Poor & Bacteria -
Excellent
ATP - Good
ATP - Excellent
ISWS Bacteria 2-5 Days
(c/mL)
ISWS Bacteria 10-15 Days
(c/mL)
Phigenics Bacteria 6-8
Days (c/mL)
ATP - Living (RLU)
88 
 
Water Usage 
This tower operated relatively consistently at 4.3-5.6 GPM from May 9-2014 to October 16, 2015 (Table C-15). 
November and December GPM was lower which can be expected due to low temperature. The control issues 
probably resulted in the higher GPM for January to April 2015. The high GPM from June to August 2015 was 
probably due to the overflowing of the tower. The COC roughly follows the water usage (Figure C-12). 
 
Table C-15: Chicago CDC Water Usage May 9, 2014 to August 1, 2015 
Date Meter Reading Gallons Days GPD GPM WCTI Service Report 
5/9/2014 3,004,814 129,590 21 6,171 4.3  
6/13/2014 3,240,366 235,552 35 6,730 4.7  
7/11/2014 3,425,890 185,524 28 6,626 4.6  
8/1/2014 3,564,279 138,389 21 6,590 4.6  
9/19/2014 3,960,290 396,011 49 8,082 5.6  
10/16/2014 4,177,570 217,280 27 8,047 5.6  
11/10/2014 4,314,709 137,139 25 5,486 3.8  
12/12/2014 4,363,485 48,776 32 1,524 1.1  
1/6/2015 4,468,128 104,643 25 4,186 2.9 
Due to system control issues in cold weather, uncontrolled makeup 
water is being added. 
2/6/2015 4,711,503 243,375 31 7,851 5.5 
Due to system control issues in cold weather, uncontrolled makeup 
water is being added. 
3/6/2015 4,924,889 213,386 28 7,621 5.3 
Due to system control issues in cold weather, uncontrolled makeup 
water is being added. Tower cycles are at 1; reading above (all 
water tests) for tower is from a sample taken in the chiller room. 
4/22/2015 5,282,138 357,249 47 7,601 5.3 
Due to system control issues in cold weather, uncontrolled makeup 
water is being added. Tower cycles are at 4; reading for tower is 
about the same as in the chiller room. 
5/6/2015 5,282,138 0 14 0 0.0 Due to system cleaning cycles are low. 
6/4/2015 5,849,457 567,319 29 19,563 13.6 
System seems to still be overflowing at times based upon water 
usage (13.6 gpm) and lack of cycles (2 COC). 
7/15/2015 6,321,096 471,639 41 11,503 8.0 
System seems to still be overflowing at times based upon water 
usage (8.0 gpm) and lack of cycles (2 COC). 
8/1/2015 6,655,735 334,639 17 19,685 13.7 
You have been able to correct the overflow issue, which is Great!  
pH and cycles will correct any corrosion issues that were occurring. 
Total  3,780,511     
 
 
 
 
Figure C-12: Water Usage & TDS COC of ZBD CDC Chicago Cooling Tower from May 2014 - August 2015.   
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Appendix D 
 
Results and discussion for Minooka G1 and G2, zero blowdown soft water makeup 
May 9, 2014 - September 2, 2015 
 
Cold Distribution and Soft Water Makeup  
The cold distribution water was of consistent quality month to month (Table D-1). Only a G2 softener samples 
was collected May 9, 2014. Cold Distribution and softened water (G-1 and G-2) was collected July 11, 2014, to 
September 2, 2015, but no samples were collected in January and February 2015 due to the tower being 
drained because of cold weather.  
 
All corrosion metals were low (copper, zinc, etc.) except Iron that was present in all samples, cold (0.03-0.11 
mg/L), G1 Softener (0.09-0.30 mg/L) and G2 Softener (0.01-0.19 mg/L).  
 
There was good agreement between the Hardness (Total and Calcium) lab test and the ICP test. There was 
also good agreement with the Silica lab test and ICP test. 
 
The softeners did a good job of removing hardness always to less than 1.00 mg/L and usually less than 0.5 
mg/L. The WCTI target softener hardness is <0.5 mg/L. Strontium and Barium was also removed. Sodium was 
increased in the process as expected. 
 
The G-1 soft water sample December 5, 2014 (Table D-1) had silica added before or during the sample 
collection. This resulted in abnormally high p-alkalinity (9 mg/L), m-alkalinity (340 mg/L), sodium (195.7 mg/L), 
silica (106 mg/L-Lab and 105.3 mg/L –ICP), pH (8.98), TDS (565 mg/L), and conductivity (783 µS/cm). 
 
Cold Dist./Soft Water Makeup: G1 and G2 
There was good agreement between the IWT and WCTI tests (Table D-2). The WCTI total dissolved solids (TDS) 
test is performed using a conductivity meter with a TDS option. The IWT TDS test is performed by evaporating 
water in a dish to determine the total dissolved solids. This value tends to be lower than the WCTI test. 
 
Cooling Tower G1 
The Minooka G1 tower was operating under the WCTI system, zero blowdown, with silica, tolytriazole, 
antifoam and biocide added as needed. WCTI sampled this system May 9, and June19, 2014, but IWT did not. 
The tower was operating at low COC (14 COC) due to excessive blowdown on June 19, 2014.  
 
WCTI and IWT (Table D-3) tested G1 tower samples from July 11, 2014, to September 2, 2015. Because of cold 
weather, the tower operated at low COC (December 5, 2014, and March 14, 2015) and samples were not 
collected in January and February 2015. The hardness, silica, tolytriazole/benzotriazole, pH and Total dissolved 
solids results of the IWT and WCTI cooling tower tests are compared in Table D-4. 
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Table D-1: IWT, Minooka, Cold Dist. & Soft Water Makeup, G1 and G2: May 9, 2014 to September 2, 2015.  
Date 5/9/1
4 
7/11/14 8/15/14 9/19/2014  10/16/2014 11/8/2014 12/5/2014 3/14/2015 4/10/2015 5/3/2015 5/29/2015 7/10/2015 8/1/2015 9/2/2015 
Water Type Soft-
G2 
Cold Soft-
G1 
Soft-
G2 
Cold Soft-G1 Soft-
G2 
Cold Soft-
G1 
Soft-
G2 
Cold Soft-
G1 
Soft-
G2 
Cold Soft-
G1 
Soft-
G2 
Cold Soft-
G1 
Soft-
G2 
Cold Soft-
G1 
Soft-G2 Cold Soft-
G1 
Soft-
G2 
Cold Soft-
G1 
Soft-
G2 
Cold Soft-
G1 
Soft-
G2 
Cold Soft-
G1 
Soft-G2 Cold Soft-
G1 
Soft-G2 Cold Soft-
G1 
Soft-G2 
P-Alkalinity1 
(as CaCO3) 
mg/L 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 95 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M-Alkalinity1  
(as CaCO3) 
mg/L 
272 290 280 300 274 288 276 290 285 290 285 296 284 282 280 258 290 3405 285 245 264 275 285 288 300 285 280 285 280 280 275 280 284 285 285 286 280 305 28/0 280 
Chloride1(as 
Cl) mg/L 
25 30 27 27 25 24 25 21 21 20 20 23 26 28 27 27 27 23 24 30 37 31 32 31 33 32 31 33 31 29 28 22 24 26 28 26 27 28 27 23 
Sulfate2 (as 
SO4) mg/L 
33 36 35 36 31 32 31 32 34 32 33 33 33 33 32 33 31 31 35 37 37 38 35 35 35 34 35 35 36 36 36 33 33 33 33 33 34 35 33 33 
                                         
Total 
Hardness1 
(as CaCO3) 
mg/L 
Trace 88 Trace Trace 92 0 0 88 0 0 90 0 0 88 0 0 86 0 0 92 0 0 96 0 0 102 Trace 0 96 0 0 92 0 0 94 0 0 96 0 0 
Total 
Hardness2 
(as CaCO3) 
mg/L 
0.35 86.57 0.42 0.19 85.4
0 
0.32 0.18 86.86 0.61 0.31 88.82 0.18 0.30 91.90 0.53 0.32 89.20 0.38 0.11 97.1
2 
0.23 0.13 97.88 0.72 0.15 98.5
0 
0.46 0.19 94.68 0.44 2.12 92.60 0.46 0.38 89.07 0.41 0.30 98.42 0.20 0.51 
Calcium  
Hardness1 
(as CaCO3) 
mg/L 
 54   50   58   59   57   59   60   60   65   64   59   61   69   
Calcium  
Hardness2 
(as CaCO3) 
mg/L 
0.22 57.54 0.30 0.19 57.4
0 
0.18 0.18 58.08 0.41 0.17 58.21 0.18 0.17 60.52 0.38 0.20 60.15 0.21 0.11 62.7
7 
0.23 0.13 63.85 0.41 0.15 65.0
4 
0.31 0.19 61.79 0.32 1.11 62.27 0.26 0.23 58.47 0.20 0.17 64.75 0.20 0.31 
Magnesium 
Hardness2 
(as CaCO3) 
mg/L 
0.12 29.03 0.12 0.00 28.0
1 
0.13 0.00 28.78 0.20 0.14 30.60 0.00 0.12 31.38 0.15 0.12 29.05 0.17 0.00 34.3
9 
0.00 0.00 34.03 0.31 0.00 33.4
6 
0.16 0.00 32.89 0.12 1.01 30.33 0.20 0.15 30.60 0.21 0.13 33.66 0.00 0.20 
                                         
Nitrate3 (as 
NO3) mg/L 
0.6 0.6 0.6 0.6 0.2 0.2 0.2 0.1 0.4 0.2 0.4 0.2 0.2 0.4 0.5 0.5 0.3 0.3 1.7 0.8 1.1 0.7 0.9 0.8 0.8 0.9 1.2 1.1 0.8 0.7 0.8 0.9 0.9 0.8 0.5 0.6 0.4 1.0 1.1 0.8 
Ammonia3 (as 
NH4) mg/L 
<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.4 0.2 0.1 <0.1 <0.1 <0.1 0.4 0.2 0.2 0.3 0.1 0.2 0.9 0.8 1.0 0.9 1.1 0.7 <0.1 0.2 <0.1 
Iron2 (as Fe) 
mg/L 
0.13 0.04 0.10 0.11 0.07 0.11 0.13 0.06 0.09 0.13 0.11 0.14 0.17 0.06 0.10 0.01 0.03 0.11 0.08 0.04 0.09 0.09 0.13 0.10 0.12 0.07 0.10 0.11 0.03 0.07 0.06 0.00 0.05 0.05 0.00 0.04 0.04 0.00 0.00 0.00 
Copper2 (as 
Cu) mg/L 
0.01 0.02 0.04 0.04 0.03 0.04 0.02 0.02 0.04 0.01 0.01 0.03 0.01 0.03 0.04 0.02 0.39 0.30 0.08 0.05 0.03 0.02 0.05 0.04 0.02 0.04 0.04 0.03 0.03 0.02 0.01 0.03 0.02 0.01 0.03 0.02 0.01 0.03 0.02 0.01 
Zinc2 (as Zn) 
mg/L 
0.00 0.01 0.01 0.02 0.01 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.08 0.03 0.03 0.02 0.01 0.02 0.00 0.00 0.03 0.00 0.02 0.01 0.00 0.00 0.03 0.00 0.02 0.03 0.00 0.00 0.02 0.00 0.06 
Molybdenum2 
(as Mo) mg/L 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Aluminum2 
(as Al) mg/L 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Titanium2 (as 
Ti) mg/L 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Chromium2 
(as Cr) mg/L 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Manganese2 
(as Mn) mg/L 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Lithium2 (as 
Li) mg/L 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sodium2 (as 
Na) mg/L 
157 116.7 156.7 157.6 113.
6 
153.7 153.9 117.5 160.5 159.2 114.1 160.2 156.5 119.5 164.5 163.9 128.0 195.75 170.2 119.
7 
169.4 165.3 117.2 162.6 166.7 115.
4 
163.7 165.0 114.2 159.96 163.8 113.4 160.0 158.7 113.5 156.
8 
157.1 121.0 161.9 161.1 
Potassium2 
(as K) mg/L 
14.5 9.6 6.1 6.6 9.7 5.5 6.4 10.2 3.9 5.9 10.3 4.6 7.1 9.1 4.9 6.7 10.5 5.7 8.3 12.9 6.1 5.0 12.9 8.5 6.8 15.1 10.4 8.4 13.9 94 71 15.6 6.1 9.3 12.9 6.4 6.8 15.1 6.0 7.5 
Boron2 (as B) 
mg/L 
0.58 0.58 0.57 0.58 0.58 0.58 0.58 0.57 0.58 0.58 0.58 0.60 0.58 0.58 0.58 0.58 0.60 0.58 0.60 0.59 0.56 0.58 0.55 0.56 0.56 0.56 0.56 0.56 0.58 0.59 0.59 0.58 0.56 0.57 0.58 0.57 0.57 0.61 0.57 0.57 
Strontium2 (as 
Sr) mg/L 
0.00 0.75 0.00 0.00 0.76 0.00 0.00 0.80 0.00 0.00 0.77 0.00 0.00 0.83 0.00 0.00 0.81 0.00 0.00 0.79 0.00 0.00 0.18 0.00 0.00 0.80 0.00 0.00 0.83 0.00 0.01 0.82 0.00 0.00 0.79 0.00 0.00 0.86 0.00 0.00 
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1Field/Immediate Test. 2ICP. 3Lab Test. 4Filter blank estimated before 8/1/2014, 8/1/2014 to present filter prewashed. 5Higher than expected, Silica added before or during 
sample collection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Barium2 (as 
Ba) mg/L 
0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 
Thallium2 (as 
Tl) mg/L 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                                         
Silica3 (as 
SiO2) mg/L 
8 8 9 9 9 9 9 11 9 10 5 8 7 9 8 9 8 1065 9 9 9 8 8 9 8 8 8 8 8 8 8 9 10 10 7 9 6 9 9 9 
Silica2 (as 
SiO2) mg/L 
8.0 7.8 7.8 7.9 7.7 7.7 7.7 7.9 8.0 7.8 8.0 8.0 7.9 8.0 7.9 7.9 7.9 105.35 8.0 8.2 8.1 8.1 7.9 7.8 7.8 7.9 7.8 7.8 7.8 7.8 8.3 8.2 8.0 8.0 7.9 7.8 7.8 8.3 7.7 7.8 
Total 
Phosphate2(as 
PO4) mg/L 
1.58 1.67 1.58 1.67 1.38 1.58 1.61 1.70 1.87 1.81 1.93 2.15 1.97 1.76 1.75 1.77 1.75 2.66 1.95 1.65 1.65 1.59 1.45 1.57 1.49 1.66 1.71 1.57 1.54 1.68 1.69 1.57 1.79 1.74 1.68 1.89 1.85 1.65 1.69 1.64 
Total 
Phosphate3 
(as PO4) mg/L 
1.79 1.88 2.14 1.86 1.77 1.90 1.84 1.89 2.10 1.91 1.78 2.15 1.87 1.81 2.00 1.98 1.84 3.43 2.08 1.76 2.01 1.93 1.69 1.94 1.89 1.83 1.97 1.97 1.75 1.87 1.70 1.77 1.90 1.85 1.76 1.92 1.94 1.73 1.99 1.84 
                                         
pH1 7.67 7.60 7.50 7.70 7.61 8.12 8.35 7.70 7.93 7.81 7.74 7.94 7.82 7.77 7.71 8.04 8.16 8.985 7.92 7.81 7.88 7.93 7.99 7.63 7.82 8.03 7.75 7.78 7.71 7.73 7.91 7.78 7.72 7.80 7.70 7.82 7.77 7.86 7.74 7.74 
Temp°C1 23..5 18.3 19.1 18.9 24.1 24.4 24.4 21.8 21.4 21.4 21.6 20.6 21.7 22.5 22.3 22.5 23.3 22.3 22.4 23.6 23.3 23.5 24.4 23.8 23.9 22.0 21.5 20.6 22.0 22.0 22.1 23.2 22.8 23.0 22.7 22.2 22.2 22.6 22.6 22.7 
Total 
Dissolved 
Solids3 mg/L 
398 394 392 403 384 391 393 384 398 399 384 392 395 390 397 395 401 5655 420 424 440 430 413 422 428 409 416 424 402 408 418 400 405 412 387 394 398 397 404 406 
Conductivity1  
µS/cm 
689 674 672 675 662 658 663 660 672 665 662 664 668 671 675 676 675 7835 683 709 741 712 706 708 712 697 706 701 689 687 696 677 680 683 671 673 674 701 685 705 
Total 
Suspended 
Solids3,4 mg/L 
1 12 13 13 2 2 0 10 14 4 4 145 2 1 2 3 0 1 0 4 0 3 1 1 0 0 0 9 2 0 3 1 1 0 1 2 1 0 0 0 
Turbidity NTU 1 1 0 0 1 0 0 1 1 1 1 1 1 2 1 1 0 0 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 1 0 0 
Free Cl21 (as 
ppm) 
 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.8 0.4 0.3 0.4 0.1 0.2 0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Total Cl21 (as 
ppm) 
 0.1 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 1.0 0.4 0.3 0.4 0.1 0.3 0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Total NVOC 
(as ppm) 
                                  0.71 0.35 0.60    
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Table D-2: IWT and WCTI: Minooka, Cold Dist./Soft Water Makeup. G1 and G2: May 9, 2014 to September 2, 
2015.  
Date Testing Agency Water Type 
Total Hardness1 
(as CaCO3) mg/L 
Total Hardness2 
(as CaCO3) mg/L 
pH1 
Total Dissolved Solids3 
mg/L 
5/9/2014 
IWT Soft-G2 Trace 0.35 7.67 398 
WCTI 
Cold 130   7.8 346 
Soft-G1 0   7.9 337 
Soft-G2 0   7.9 352 
6/19/2014 WCTI 
Cold 120   7.7 453 
Soft-G1 0   7.7 460 
Soft-G2 0   7.8 468 
7/11/2014 
IWT 
Cold 88 86.57 7.6 394 
Soft-G1 Trace 0.42 7.5 392 
Soft-G2 Trace 0.19 7.7 403 
WCTI 
Cold 120   7.5 459-670 
Soft-G1 0   7.7 467-683 
Soft-G2 0   7.7 461-677 
8/15/2014 
IWT 
Cold 92 85.4 7.61 384 
Soft-G1 0 0.32 8.12 391 
Soft-G2 0 0.18 8.35 393 
WCTI 
Cold 120   7.6 453 
Soft-G1 0   7.6 453 
Soft-G2 0   7.9 453 
9/19/2014 
IWT 
Cold 88 86.86 7.7 384 
Soft-G1 0 0.61 7.93 398 
Soft-G2 0 0.31 7.81 399 
WCTI 
Cold 100   7.7 451 
Soft-G1 0   7.7 450 
Soft-G2 0   7.9 458 
10/16/2014 
IWT 
Cold 90 88.82 7.74 384 
Soft-G1 0 0.18 7.94 392 
Soft-G2 0 0.3 7.82 395 
WCTI 
Cold 100   7.8 457 
Soft-G1 0   7.9 457 
Soft-G2 0   7.9 464 
11/8/2014 
IWT 
Cold 88 91.9 7.77 390 
Soft-G1 0 0.53 7.71 397 
Soft-G2 0 0.32 8.04 395 
WCTI 
Cold 100   7.9 456 
Soft-G1 0   8 464 
Soft-G2 0   8 460 
12/5/2014 
IWT 
Cold 86 89.2 8.16 401 
Soft-G1 0 0.38 8.984 565 
Soft-G2 0 0.11 7.92 420 
WCTI 
Cold 100   7.7 457 
Soft-G1 0   8 553 
Soft-G2 0   7.9 473 
3/14/2015 
IWT 
Cold 92 97.12 7.81 424 
Soft-G1 0 0.23 7.88 440 
Soft-G2 0 0.13 7.93 430 
WCTI 
Cold 100   7.9 479 
Soft-G1 0   7.9 503 
Soft-G2 0   8 485 
4/10/2015 
IWT 
Cold 96 97.88 7.99 413 
Soft-G1 0 0.72 7.63 422 
Soft-G2 0 0.15 7.82 428 
WCTI 
Cold 100   7.9 479 
Soft-G1 0   7.9 480 
Soft-G2 0   7.9 480 
5/3/2015 
IWT 
Cold 102 98.5 8.03 409 
Soft-G1 Trace 0.46 7.75 416 
Soft-G2 0 0.19 7.78 424 
WCTI 
Cold 100   7.8 470 
Soft-G1 0   7.9 492 
Soft-G2 0   7.9 478 
5/29/2015 
IWT 
Cold 96 94.68 7.71 402 
Soft-G1 0 0.44 7.73 408 
Soft-G2 0 2.12 7.91 418 
WCTI 
Cold 95   7.9 469 
Soft-G1 0   7.9 470 
Soft-G2 0   7.9 477 
7/10/2015 
IWT 
Cold 92 92.6 7.78 400 
Soft-G1 0 0.46 7.72 405 
Soft-G2 0 0.38 7.8 412 
WCTI 
Cold 80   7.7 470 
Soft-G1 0   7.8 472 
Soft-G2 0   7.9 473 
8/1/2015 
IWT 
Cold 94 89.07 7.7 387 
Soft-G1 0 0.41 7.82 394 
Soft-G2 0 0.3 7.77 398 
WCTI 
Cold 80   7.8 457 
Soft-G1 0   7.9 457 
Soft-G2 0   7.9 457 
9/2/2015 
IWT 
Cold 96 98.42 7.86 397 
Soft-G1 0 0.2 7.74 404 
Soft-G2 0 0.51 7.74 406 
WCTI 
Cold 100   7.8 459 
Soft-G1 0   7.9 460 
Soft-G2 0   7.8 460 
IWT: 1Field/Immediate Test. 2ICP. 3Lab Test. 4Higher than expected, Silica added before or during sample collection. 
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Table D-3: IWT, Minooka, Cooling Tower Water, G1 July 11, 2014 to September 2, 2015. 
Date 7/11/14 COC 8/15/14 COC 9/19/14 COC 10/16/14 COC 11/8/14 COC 12/5/14 COC 3/14/15 COC 4/10/15 COC 5/3/15 COC 5/29/15 COC 7/10/15 COC 8/1/15 COC 9/2/15 COC 
P-Alkalinity1 (as 
CaCO3) mg/L 
4800 --- 4750 --- 6800 --- 5100 --- 3200 --- 530 58.9 1090 --- 6900 --- 8500 --- 7600 --- 11,800 --- 9000 --- 7000 --- 
M-Alkalinity1 
(as CaCO3) mg/L 
12,600 45.0 14,400 50.0 20,400 71.6 13,000 43.9 8800 31.4 3000 8.8 4700 17.8 18,200 60.7 20,200 72.1 20,000 71.4 27,100 95.4 23,200 82.9 18,700 66.8 
Chloride1(as Cl) 
mg/L 
1100 40.7 1400 58.3 2450 116.7 1300 56.5 800 29.6 210 9.1 535 14.5 2200 66.7 2550 82.3 2300 79.3 2500 104.2 2250 86.5 1600 59.3 
Sulfate2 (as SO4) 
mg/L 
1594 45.5 1594 49.8 2527 74.3 1467 44.5 851 26.6 256 8.3 585 15.8 2388 68.2 2621 74.9 2654 73.7 3274 99.2 2867 86.9 22.57 68.4 
                           
Total 
Hardness1(as 
CaCO3) mg/L 
Trace --- 20 --- 36 --- Trace --- Trace --- 4 --- 8 --- 28 --- 21 --- 20 --- 15 --- 28 --- 20 --- 
Total 
Hardness2(as 
CaCO3) mg/L 
14.81 35.3 21.70 67.8 40.13 65.8 21.81 121.2 12.10 22.8 4.51 11.9 8.66 37.7 31.31 43.5 29.61 64.4 22.75 51.7 23.01 50.0 19.74 48.1 15.62 78.1 
Calcium  
Hardness1(as 
CaCO3) mg/L 
    12 ---                     
Calcium  
Hardness2(as 
CaCO3) mg/L 
10.81 36.0 16.67 92.6 27.17 66.3 14.60 81.1 7.61 20.0 2.93 14.0 6.22 27.0 22.75 31.5 21.38 69.0 16.75 52.3 17.20 66.2 14.41 72.1 11.63 58.2 
Magnesium 
Hardness2(as 
CaCO3) mg/L 
4.00 33.3 5.03 38.7 12.96 64.8 7.21 --- 4.48 29.9 1.58 9.3 2.44 --- 8.56 --- 8.23 51.4 6.00 50.5 5.80 29.0 5.33 25.4 3.98 --- 
                           
Nitrate3 (as 
NO3) mg/L 
32.1 53.5 9.5 47.5 13.5 33.8 13.1 65.5 10.9 21.8 6.7 22.3 6.0 5.5 28.5 35.6 34.5 28.8 30.1 43.0 58.6 65.1 38.2 63.7 28.6 26.0 
Ammonia3 (as 
NH4) mg/L 
0.1 --- 1.2 --- 0.2 --- 0.3 --- 0.1 --- 0.5 --- 0.2 --- 0.2 --- 0.2 1.0 0.8 8.0 1.6 2.0 0.5 0.5 0.3 1.5 
Iron2 (as Fe) 
mg/L 
0.39 3.9 0.68 6.2 0.00 --- 0.33 2.4 0.00 --- 0.26 2.4 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.54 54.04 
Copper2 (as Cu) 
mg/L 
0.56 14.0 0.96 24.0 2.29 57.3 0.97 32.3 0.78 19.5 0.55 1.8 0.02 0.7 1.55 77.5 2.78 69.5 1.97 98.5 2.69 53.8 2.06 103.0 1.65 82.5 
Zinc2 (as Zn) 
mg/L 
0.07 7.0 0.11 11.04 0.00 --- 0.00 --- 0.00 --- 0.10 1.3 0.06 3.0 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Molybdenum2 
(as Mo) mg/L 
0.00 --- 0.21 21.04 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Aluminum2 (as 
Al) mg/L 
0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Titanium2 (as Ti) 
mg/L 
0.00 --- 0.01 1.04 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.01 1.04 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Chromium2 (as 
Cr) mg/L 
0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Manganese2 (as 
Mn) mg/L 
0.04 4.04 0.34 31.04 0.03 3.04 0.02 2.04 0.00 --- 0.01 1.04 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Lithium2 (as Li) 
mg/L 
0.00 --- 0.53 53.04 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Sodium2 (as Na) 
mg/L 
6876 43.9 7855 51.1 11,412 71.1 6773 42.3 4132 25.1 1473 7.5 2636.4 15.6 10,364.7 62.2 11,584.2 70.8 11,035.5 69.1 14,992.1 93.7 12,504.3 79.7 10,569.2 65.6 
Potassium2 (as 
K) mg/L 
260.9 42.8 330.5 60.1 338.7 86.8 184.0 40.0 111.8 22.8 51.3 9.0 83.2 13.6 446.5 65.7 562.9 54.1 578.4 61.5 798.7 130.9 471.9 73.7 399.8 66.6 
Boron2 (as B) 
mg/L 
24.95 43.8 29.59 51.0 42.35 73.0 26.60 44.3 15.78 27.2 5.86 10.1 9.30 16.6 35.42 63.3 40.31 70.1 41.26 69.9 55.42 99.0 47.01 82.5 38.58 67.7 
Strontium2 (as 
Sr) mg/L 
0.10 10.04 0.14 14.04 0.30 30.04 0.15 15.04 0.07 7.04 0.02 2.04 0.05 5.04 0.21 --- 0.22 --- 0.18 --- 0.00 --- 0.16 16.04 0.12 12.04 
Barium2 (as Ba) 
mg/L 
0.01 1.04 0.02 2.04 0.02 2.04 0.01 1.04 0.00 --- 0.00 --- 0.00 --- 0.02 --- 0.02 --- 0.02 --- 0.03 3.04 0.03 3.04 0.02 2.04 
Thallium2 (as Tl) 
mg/L 
0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
                           
Silica3 (as SiO2) 
mg/L 
326 36.2 314 34.9 386 42.9 374 46.8 237 29.6 215 2.0 222 24.7 355 44.4 355 44.4 357 44.6 434 43.4 388 43.1 357 39.7 
Silica2 (as SiO2) 
mg/L 
414.4 53.1 456.5 59.3 509.6 63.7 378.9 47.4 268.1 33.9 203.0 1.9 337.1 41.6 464.0 59.5 464.3 59.5 464.4 59.5 370.7 46.3 471.6 60.5 441.6 57.4 
Tolytriazole 
ppm 
68.8 --- 56.3 --- 25.0 --- 37.5 --- 6.3 --- 6.3 --- 137.5 --- 37.5 --- 31.3 --- 18.8 --- 6.3 --- 0.0 --- 4.0 --- 
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Total 
Phosphate2(as 
PO4) mg/L 
93.59 59.2 108.28 68.5 153.30 82.0 97.79 45.5 51.44 29.4 16.71 6.3 29.05 17.6 118.03 79.2 137.80 80.6 135.18 80.5 201.50 112.6 175.67 92.9 138.31 81.8 
Total 
Phosphate3(as 
PO4) mg/L 
86.50 40.4 99.17 52.2 146.13 69.6 101.40 47.2 59.75 29.9 19.44 5.7 32.60 16.2 117.29 60.5 143.11 72.6 133.68 71.5 185.30 97.5 160.10 83.4 133.07 66.9 
                           
pH1 9.91 --- 9.87 --- 9.92 --- 9.93 --- 9.88 --- 9.52 --- 9.57 --- 9.92 --- 9.96 --- 9.91 --- 9.97 --- 9.90 --- 9.91 --- 
Temp°C1 17.8 --- 23.1 --- 22.2 --- 21.4 --- 22.6 --- 22.2 --- 23.4 --- 23.7 --- 21.6 --- 22.0 --- 22.8 --- 21.7 --- 22.6 --- 
Total Dissolved 
Solids3 mg/L 
17,764 45.3 20,494 52.4 28,854 72.5 17,882 45.6 10,290 25.9 3604 6.4 7162 16.3 26,374 61.6 29,622 71.2 28,910 70.9 38,746 95.7 32,834 88.3 26,774 66.3 
Conductivity1  
µS/cm 
24,840 37.0 27,880 42.4 33,170 49.4 22,100 33.3 13,970 20.7 5268 6.7 9875 13.3 31,580 44.4 34,270 48.5 33,460 48.7 42,390 62.3 36,820 54.7 31,320 44.4 
Total 
Suspended 
Solids3,5 mg/L 
45 3.5 78 39 368 26.2 74 5.3 34 17.0 43 43.0 19 19.04 8 --- 120 --- 196 --- 253 253.0 14 7.0 26 --- 
Turbidity NTU 23 --- 21 --- 4 4.0 17 17.0 11 --- 16 --- 13 --- 3 --- 5 --- 4 --- 2 --- 6 --- 7 --- 
Total NVOC 
ppm 
                      30.2 86.3   
WCTI System 
Service Report 
I slowed 
down the 
manual 
blow 
down line. 
 I closed 
the 
manual 
blow 
down line. 
 Manually 
blew down 
the system. 
 Manually 
blew down 
the system. 
 Manually 
blew down 
the system. 
 Levels and 
cycles are 
low 
because 
the 
system 
was 
drained 
and 
refilled. 
 System 
has been 
on line for 
4 days. 
 System 
blown 
down 
some. 
 System 
blown 
down 
some. 
 System 
was blown 
down. 
 System was 
blown 
down. 
 System 
was blown 
down. 
 System 
was blown 
down. 
 
1Field/Immediate Test. 2ICP. 3Lab Test. 4If makeup water was 0.01 mg/L. 5Filter blank estimated before 8/1/2014, 8/1/2014 to present filter prewashed. 
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Table D-4: IWT and WCTI Minooka, G1: Cooling Tower Water, May 9, 2014 to September 2, 2015. 
Date 
Testing 
Agency 
Total Hardness1 
(as CaCO3) mg/L 
Total Hardness2 
(as CaCO3) mg/L 
Silica3  
(as SiO2) mg/L 
Silica2  
(as SiO2) mg/L 
Tolytriazole 
ppm 
Benzotriazole 
ppm4 
pH1 
Total Dissolved 
Solids3 mg/L 
notes 
5/9/2014 
WCTI 50  20  5.7-5 10 10.5 30,000 
May 9, 2014 (Only WCTI)  
Hardness: Above WCTI target (30 mg/L). 
Silica: Extremely Low, below recommended level of 200-400 mg/L, 
injection quill was plugged, now cleaned and back online. 
Tolytriazole/Benzotriazole: Very Low, below the recommended 10-20 
ppm, WCTI: Tolytriazole was added. 
Total Dissolved Solids (TDS): Satisfactory. 
Cycles of Concentration (COC): Satisfactory levels. 
COC ---  ---  --- --- --- 86.7 
6/19/2014 
WCTI 10  250  2.3-5 4 9.7 6381 
June 19, 2014 (Only WCTI) 
Hardness: Within WCTI target. 
Silica: Satisfactory. WCTI: 3 gallons were used in 6 days. 
Tolytriazole/Benzotriazole: Extremely Low, below the recommended 10-
20 ppm, due to excessive blowdown. 
Total Dissolved Solids (TDS): Extremely Low (6381 mg/L) due to excessive 
blowdown. Manual blowdown line was adjusted. 
Cycles of Concentration (COC): Very low (13.9) due to excessive 
blowdown. 
COC ---  ---  --- --- --- 13.9 
7/11/2014 
IWT Trace 14.81 326 414.4 68.8 120.4 9.91 17,764 
Hardness: Good agreement with IWT titration and WCTI. IWT ICP value 
was double the titration value. Possibly small suspended hardness solids 
were dissolved and measured by the ICP process and not measured by 
titration. Hardness was within WCTI target (30 mg/L). 
Silica: Good agreement between IWT lab test and WCTI, satisfactory 
levels. The IWT ICP test was greater due to measuring polysilicates. WCTI: 
1.1 gallons were used in 5 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than 
WCTI which was slightly above the recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI 
values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC --- 35.3 36.2 53.1 --- --- --- 45.3 
WCTI 5  355  25.7-5 45 9.9 20,970-22,230 
COC ---  ---  --- --- --- 44.9-32.5 
8/15/2014 
IWT 20 21.7 314 456.5 56.3 98.5 9.87 20,494 
Hardness: Good agreement with IWT titration and ICP values but much 
higher than WCTI value. Hardness was within WCTI target (30 mg/L). 
Silica: Satisfactory agreement between IWT lab test and WCTI, satisfactory 
levels. The IWT ICP test was greater due to measuring polysilicates. WCTI: 
2.2 gallons were used in 5 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than 
WCTI which was slightly above the recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI 
values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC --- 67.8 34.9 59.3 --- --- --- 52.4 
WCTI 5  390  28.5-5 50 10 23,760 
COC ---  ---  --- --- --- 52.5 
9/19/2014 IWT 36 40.13 386 509.6 25 43.8 9.92 28,854 
Hardness: Good agreement with IWT titration and ICP values but much 
higher than WCTI value. Hardness was within WCTI target (30 mg/L) with 
WCTI value and slightly above the target with the IWT values. 
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COC --- 65.8 42.9 63.7 --- --- --- 72.5 
Silica: Good agreement between IWT lab test and WCTI, satisfactory 
levels. The IWT ICP test was greater due to measuring polysilicates. WCTI: 
2.0 gallons were used in 8 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (slightly above range) 
than WCTI which was somewhat below the recommended levels of 10-20 
ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI 
values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
WCTI 10  380  8.6-5 15 10.1 33,180 
COC ---  ---  --- --- --- 73.7 
10/16/2014 
IWT Trace 21.81 374 378.9 37.5 65.6 9.93 17,882 
Hardness: Good agreement with IWT titration and WCTI. IWT ICP value 
was double the WCTI value. Possibly small suspended hardness solids 
were dissolved and measured by the ICP process and not measured by 
titration. Hardness was within WCTI target (30 mg/L). 
Silica: Good agreement between IWT lab test and ICP tests. The WCTI test 
was much less but all tests were at satisfactory levels. WCTI: 1.4 gallons 
were used in 6 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than 
WCTI which was within the recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI 
values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC --- 121.2 46.8 47.4 --- --- --- 45.6 
WCTI 10  295  14.3-5 25 10 22,580 
COC ---  ---  --- --- --- 49.4 
11/8/2014 
IWT Trace 12.1 237 268.1 6.3 11 9.88 10,290 
Hardness: Good agreement with IWT titration and WCTI. IWT ICP value 
was double the WCTI value. Possibly small suspended hardness solids 
were dissolved and measured by the ICP process and not measured by 
titration. Hardness was within WCTI target (30 mg/L). 
Silica: Good agreement between IWT lab test and ICP tests. The WCTI test 
was much higher but all tests were at satisfactory levels. WCTI: 2.6 gallons 
were used in 9 days. 
Tolytriazole/Benzotriazole: IWT levels much higher than WCTI and both 
were below the recommended levels of 10-20 ppm. Tolytriazole was 
added to the system. 
Total Dissolved Solids (TDS): IWT value was much lower than the WCTI 
values but both were satisfactory levels. 
Cycles of Concentration (COC): IWT value was much lower than the WCTI 
values but both were satisfactory levels. 
COC --- 22.8 29.6 33.9 --- --- --- 25.9 
WCTI 5  325  2.9-5 5 10 17,500 
COC ---  ---  --- --- --- 37.7 
12/5/2014 
IWT 4 4.51 215 203 6.3 11 9.52 3604 
Hardness: Good agreement with IWT titration and ICP with WCTI. 
Hardness was within WCTI target (30 mg/L). 
Silica: Good agreement between IWT lab test and ICP tests, satisfactory 
levels. The WCTI test was slightly less and below (175 ppm) satisfactory 
levels. WCTI: 2.7 gallons were used in 13 days. 
Tolytriazole/Benzotriazole: IWT levels much higher than WCTI and both 
were below the recommended levels of 10-20 ppm. Extremely low 
because system was drained and refilled due to low outside temperatures. 
Total Dissolved Solids (TDS): Low levels because system was drained and 
refilled due to low outside temperatures. 
Cycles of Concentration (COC): Low levels because system was drained 
and refilled due to low outside temperatures. 
COC --- 11.9 2 1.9 --- --- --- 6.4 
WCTI 0  175  5 0 9.7 4056 
COC ---  ---  --- --- --- 7.3 
3/14/2015 IWT 8 8.66 222 337.1 137.5 240.6 9.57 7162 
Hardness: Good agreement with IWT titration and ICP with WCTI. 
Hardness was within WCTI target (30 mg/L). 
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COC --- 37.7 24.7 41.6 --- --- --- 16.3 
Silica: Good agreement between IWT ICP test and WCTI test. The IWT lab 
test was lower but all levels were satisfactory. WCTI: 2.0 gallons were used 
in 4 days. 
Tolytriazole/Benzotriazole: IWT levels much higher than WCTI and both 
were above the recommended levels of 10-20 ppm due to recent addition. 
Total Dissolved Solids (TDS): Low levels because system was drained and 
refilled due to low outside temperatures. 
Cycles of Concentration (COC): Low levels because system was drained 
and refilled low outside temperatures. 
WCTI 0  335  51.3-5 90 9.9 8171 
COC ---  ---  --- --- --- 16.2 
4/10/2015 
IWT 28 31.31 355 464 37.5 65.6 9.92 26,374 
Hardness: Good agreement with IWT titration and ICP values but much 
higher than WCTI value. Hardness was within WCTI target (30 mg/L) with 
WCTI and IWT titration values and slightly above the target with the IWT 
ICP value. 
Silica: Satisfactory agreement between IWT lab test and WCTI, satisfactory 
levels. The IWT ICP test was greater due to measuring polysilicates. WCTI: 
2.0 gallons were used in 7 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than 
WCTI which was within the recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): IWT value was much lower than the WCTI 
values but both were satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC --- 43.5 44.4 59.5 --- --- --- 61.6 
WCTI 0  390  11.4-5 20 10.1 31,000 
COC ---  ---  --- --- --- 64.6 
5/3/2015 
IWT 21 29.61 355 464.3 31.3 54.8 9.96 29,622 
Hardness: Satisfactory agreement with IWT titration and ICP values but 
much higher than WCTI value. Hardness was within WCTI target (30 mg/L) 
for all samples.  
Silica: Satisfactory agreement between IWT lab test and WCTI, satisfactory 
levels. The IWT ICP test was greater due to measuring polysilicates. WCTI: 
1.4 gallons were used in 11 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (above range) than 
WCTI which was below the recommended levels of 10-20 ppm, so 
Tolytriazole was added. 
Total Dissolved Solids (TDS): IWT value was slightly lower than the WCTI 
values but both were satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC --- 64.4 44.4 59.5 --- --- --- 71.2 
WCTI 10  315  8.6-5 15 10.1 34,000 
COC ---  ---  --- --- --- 69.1 
5/29/2015 
IWT 20 22.75 357 464.4 18.8 32.9 9.91 28,910 
Hardness: Good agreement with IWT titration and ICP values but much 
higher than WCTI value. Hardness was within WCTI target (30 mg/L). 
Silica: IWT lab test was lower than WCTI but satisfactory levels. The IWT 
ICP test was greater due to measuring polysilicates. WCTI: 0 gallons were 
used in 7 days. 
Tolytriazole/Benzotriazole: IWT levels much higher (within range) than 
WCTI which was below the recommended levels of 10-20 ppm, so 
Tolytriazole was added. 
Total Dissolved Solids (TDS): IWT value was slightly lower than the WCTI 
values but both were satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC --- 51.7 44.6 59.5 --- --- --- 70.9 
WCTI 0  425  8.6-5 15 10.2 33,600 
COC ---  ---  --- --- --- 71.5 
7/10/2015 IWT 15 23.01 434 370.7 6.3 11 9.97 38,746 
Hardness: Satisfactory agreement with IWT titration and ICP values but 
much higher than WCTI value. Hardness was within WCTI target (30 mg/L) 
for all samples.  
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COC --- 50 43.4 46.3 --- --- --- 95.7 
Silica: Satisfactory agreement between IWT lab test and ICP tests, while 
the WCTI test was much lower. All levels were within range or higher.  
Tolytriazole/Benzotriazole: IWT levels much higher than WCTI and both 
were below the recommended levels of 10-20 ppm, so Tolytriazole was 
added. 
Total Dissolved Solids (TDS): IWT value was slightly lower than the WCTI 
values but both were satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
WCTI 0  240  1.1-5 2 10.2 44,500 
COC ---  ---  --- --- --- 94.3 
8/1/2015 
IWT 28 19.74 388 471.6 0.05 0 9.9 32,834 
Hardness: Good agreement with IWT titration and ICP values but much 
higher than WCTI value. Hardness was within WCTI target (30 mg/L). 
Silica: Satisfactory agreement between IWT lab test and WCTI, satisfactory 
levels. The IWT ICP test was greater due to measuring polysilicates.  
Tolytriazole/Benzotriazole: IWT levels lower than WCTI and both were 
below the recommended levels of 10-20 ppm. Tolytriazole was added to 
system. 
Total Dissolved Solids (TDS): IWT value was slightly lower than the WCTI 
values but both were satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC --- 48.1 43.1 60.5 --- --- --- 88.3 
WCTI 0  385  1.1-5 2 10.1 37,800 
COC ---  ---  --- --- --- 82.7 
9/2/2015 
IWT 20 15.62 357 441.6 4 7 9.91 26,774 
Hardness: Good agreement with IWT titration and ICP values but much 
higher than WCTI value. Hardness was within WCTI target (30 mg/L). 
Silica: Satisfactory agreement between IWT lab test and WCTI, satisfactory 
levels. The IWT ICP test was greater due to measuring polysilicates.  
Tolytriazole/Benzotriazole: IWT levels higher than WCTI and both were 
below the recommended levels of 10-20 ppm.  
Total Dissolved Solids (TDS): IWT value was slightly lower than the WCTI 
values but both were satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC --- 78.1 39.7 57.4 --- --- --- 66.3 
WCTI 0  370  1.1-5 2 10 31,000 
COC ---  ---  --- --- --- 67.4 
IWT 1Field/Immediate Test. 2ICP. 3Lab Test. 4WCTI actually measured Benzotriazole and IWT Benzotriazole is 175% of Tolytriazole. 5Tolytriazole is calculated from Benzotriazole.  
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Cycles of Concentration (COC) G1 
 
Elements that are Soluble and Indicate Overall COC and TDS and Conductivity, Minooka G1 
Table D-5 determines the average COC of each cooling tower water analysis. The highest and lowest values 
were omitted because of possible errors in sampling or analysis. Silica was not used because it is added as the 
steel corrosion inhibitor. The range of conductivity, TDS and COC of the monthly samples was from a low of 
5,268 µS/cm, 3,604 mg/L and 6.4 COC (12/5/14) to 42,390 µS/cm, 38,746 mg/L and 95.7 COC (7/10/2015). The 
tower conductivity, total dissolved solids and COC as expected follow the same pattern (Figure D-1). 
 
Hardness/Calcium Scaling and COC, G1 
There was good agreement between the total hardness lab test and the ICP test (Tables D-6), except for the 
July 11, October 10, and November 8, 2014, ICP samples which were much higher that the titrated samples. 
This may be due to small suspended hardness solids that were dissolved and measured by the ICP process and 
not measured by titration. The target hardness in the tower is <30 mg/L which was achieved in all samples 
except the September 19, 2014, which was slightly high at 36 mg/L titration or 40.13 mg/L ICP. 
 
In 89% of the samples (8), when magnesium hardness COC could be determined, calcium COC was greater that 
magnesium COC that indicates that previous calcium scale was dissolving. In one sample (11/8/2014), the 
calcium COC (20.0) was less than the magnesium COC (29.9), which indicates that calcium deposition/scaling 
was occurring. 
 
Metals and COC, G1 
The metals that were 0.00 mg/L in the makeup water were assumed to be 0.01 mg/L to calculate COC. The 
actual COC could actually be higher (Tables D-7). If the COC was higher than the average COC then this is an 
indication of corrosion taking place. All other metals were 0.00 mg/L in the cooling tower samples. 
 
Monthly Silica Levels and COC, G1 
Silica is the steel corrosion inhibitor and the recommended level is 200-400 mg/L. The silica levels and COC are 
noted in Table D-8. Silica was pumped to the makeup water that fed the tower. Because the city water 
contained 7-8 mg/L silica the tower conductivity COC had more impact on silica levels (silica IWT-lab) than the 
silica addition (Figure D-2).  
 
Monthly Tolytriazole Levels and IWT TDS COC, G1 
When COC was high (above 20 COC), from July 11 to October 16, 2014 tolytriazole was not added because the 
level was satisfactory, at or above recommended levels of 10-20 ppm (Table D-9). The COC dropped, but was 
still above 20 COC on November 8, 2014, but tolytriazole was low (6.3 ppm) so tolytriazole was added. 
Because the tower was drained and refilled in December 2014 the levels were low and tolytriazole was not 
added. When the tower came back on line in March 2015 tolytriazole was added and satisfactory while the 
tower cycled up. 
 
The tower was cycled up and maintaining tolytriazole levels on May 3 and 29, 2015, and tolytriazole was 
added. From July to September 2, 2015, COC remained high but tolytriazole level dropped (tolytriazole was 
added July 10 and August 1, 2015) (Table D-9). 
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Table D-5: Average COC, G1: July 11, 2014 to September 2, 2015. 
Date 
M-
Alkalinity1 
(as 
CaCO3) 
mg/L 
Chloride1(as 
Cl) mg/L 
Sulfate2 
(as SO4) 
mg/L 
Sodium2 
(as Na) 
mg/L 
Potassium2 
(as K) mg/L 
Boron2 
(as B) 
mg/L 
Total 
Phosphate2(as 
PO4) mg/L 
Total 
Phosphate3(as 
PO4) mg/L 
Total 
Dissolved 
Solids3 
mg/L 
Conductivity1  
µS/cm 
Average 
COC * 
7/11/2014 12,600 1100 1594 6876 260.9 24.95 93.59 86.5 17,764 24,840  
COC 45 40.7 45.5 43.9 42.8 43.8 59.2 40.4 45.3 37 43.4 
8/15/2014 14,400 1400 1594 7855 330.5 29.59 108.28 99.17 20,494 27,880  
COC 50 58.3 49.8 51.1 60.1 51 68.5 52.2 52.4 42.4 53.1 
9/19/2014 20,400 2450 2527 11,412 338.7 42.35 153.3 146.13 28,854 33,170  
COC 71.6 116.7 74.3 71.1 86.8 73 82 69.6 72.5 49.4 75.1 
10/16/2014 13,000 1300 1467 6773 184 26.6 97.79 101.4 17,882 22,100  
COC 43.9 56.5 44.5 42.3 40 44.3 45.5 47.2 45.6 33.3 44.2 
11/8/2014 8800 800 851 4132 111.8 15.78 51.44 59.75 10,290 13,970  
COC 31.4 29.6 26.6 25.1 22.8 27.2 29.4 29.9 25.9 20.7 27.1 
12/5/2014 3000 210 256 1473 51.3 5.86 16.71 19.44 3604 5268  
COC 8.8 9.1 8.3 7.5 9 10.1 6.3 5.7 6.4 6.7 7.8 
3/14/2015 4700 535 585 2636.4 83.2 9.3 29.05 32.6 7162 9875   
COC 17.8 14.5 15.8 15.6 13.6 16.6 17.6 16.2 16.3 13.3 15.8 
4/10/2015 18,200 2200 2388 10,364.70 446.5 35.42 118.03 117.29 26,374 31,580  
COC 60.7 66.7 68.2 62.2 65.7 63.3 79.2 60.5 61.6 44.4 63.6 
5/3/2015 20,200 2550 2621 11,584.20 562.9 40.31 137.8 143.11 29,622 34,270  
COC 72.1 82.3 74.9 70.8 54.1 70.1 80.6 72.6 71.2 48.5 70.8 
5/29/2015 20,000 2300 2654 11,035.50 578.4 41.26 135.18 133.68 28,910 33,460  
COC 71.4 79.3 73.7 69.1 61.5 69.9 80.5 71.5 70.9 48.7 70.9 
7/10/2015 27,100 2500 3274 14,992.10 798.7 55.42 201.5 185.3 38,746 42,390  
COC 95.4 104.2 99.2 93.7 130.9 99 112.6 97.5 95.7 62.3 99.7 
8/1/2015 23,200 2250 2867 12,504.30 471.9 47.01 175.67 160.1 32,834 36,820  
COC 82.9 86.5 86.9 79.7 73.7 82.5 92.9 83.4 88.3 54.7 83 
9/2/2015 18,700 1600 22.57 10,569.20 399.8 38.58 138.31 133.07 26,774 31,320  
COC 66.8 59.3 68.4 65.6 66.6 67.7 81.8 66.9 66.3 44.4 66 
*Highest and lowest COC omitted in case of errors in analysis or sampling, TDS and Conductivity included. 
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Table D-6: Hardness/Calcium Scaling and COC, G1: July 11, 2014 to September 2, 2015. 
Date 
Total Hardness1 
(as CaCO3) mg/L 
Total Hardness2 
(as CaCO3) mg/L 
Calcium  
Hardness1,3 
(as CaCO3) mg/L 
Calcium  
Hardness2 
(as CaCO3) mg/L 
Magnesium 
Hardness2 
(as CaCO3) mg/L 
Average 
COC * 
Notes 
7/11/2014 Trace 14.81   10.81 4  
The ICP Total and Calcium Hardness were higher than the titrated values. Possibly small 
suspended hardness solids were dissolved and measured by the ICP process and not 
measured by titration. The Hardness COC (Softener = 0.42 mg/L-ICP) was close to the 
average COC. COC --- 35.3   36 33.3 43.4 
8/15/2014 20 21.7   16.67 5.03  Good agreement between titrations and ICP. The Hardness COC (Softener = 0.32 mg/L-
ICP) was slightly higher than the average COC. This indicates that the average output of 
the softener was slightly higher than the value tested. COC --- 67.8   92.6 38.7 53.1 
9/19/2014 36 40.13 12 27.17 12.96  Acceptable agreement between titrations and ICP. The Hardness COC (Softener = 0.61 
mg/L-ICP) was slightly lower than the average COC. This indicates that the average output 
of the softener was lower than the value tested. COC --- 65.8 --- 66.3 64.8 75.1 
10/16/2014 Trace 21.81   14.6 7.21  
The ICP Total and Calcium Hardness were higher than the titrated values. Possibly small 
suspended hardness solids were dissolved and measured by the ICP process and not 
measured by titration. The Hardness COC (Softener = 0.18 mg/L-ICP) was higher than the 
average COC. This indicates that the average output of the softener was higher than the 
value tested. 
COC --- 121.2   81.1 --- 44.2 
11/8/2014 Trace 12.1   7.61 4.48  The ICP Total and Calcium Hardness were higher than the titrated values. Possibly small 
suspended hardness solids were dissolved and measured by the ICP process and not 
measured by titration. The Hardness COC (Softener = 0.53 mg/L-ICP) was close to the 
average COC. 
COC --- 22.8   20 29.9 27.1 
12/5/2014 4 4.51   2.93 1.58  Good agreement between titrations and ICP. The Hardness COC (Softener = 0.38 mg/L-
ICP) was close to the average COC. 
COC --- 11.9   14 9.3 7.8 
3/14/2015 8 8.66   6.22 2.44   Good agreement between titrations and ICP. The Hardness COC (Softener = 0.23 mg/L-
ICP) was slightly higher than the average COC. This indicates that the average output of 
the softener was slightly higher than the value tested. COC --- 37.7   27 --- 15.8 
4/10/2015 28 31.31   22.75 8.56  Good agreement between titrations and ICP. The Hardness COC (Softener = 0.72 mg/L-
ICP) was lower than the average COC. This indicates that the average output of the 
softener was lower than the value tested. COC --- 43.5   31.5 --- 63.6 
5/3/2015 21 29.61   21.38 8.23  Acceptable agreement between titrations and ICP. The Hardness COC (Softener = 0.46 
mg/L-ICP) was close to the average COC. COC --- 64.4   69 51.4 70.8 
5/29/2015 20 22.75   16.75 6  Good agreement between titrations and ICP. The Hardness COC (Softener = 0.44 mg/L-
ICP) was lower than the average COC. This indicates that the average output of the 
softener was lower than the value tested. COC --- 51.7   52.3 50.5 70.9 
7/10/2015 15 23.01   17.2 5.8  Acceptable agreement between titrations and ICP. The Hardness COC (Softener = 0.46 
mg/L-ICP) was lower than the average COC. This indicates that the average output of the 
softener was lower than the value tested. COC --- 50   66.2 29 99.7 
8/1/2015 28 19.74   14.41 5.33  Acceptable agreement between titrations and ICP. The Hardness COC (Softener = 0.41 
mg/L-ICP) was lower than the average COC. This indicates that the average output of the 
softener was lower than the value tested. COC --- 48.1   72.1 25.4 83 
9/2/2015 20 15.62   11.63 3.98  Satisfactory agreement between titrations and ICP. The Hardness COC (Softener = 0.20 
mg/L-ICP) was close to the average COC. COC --- 78.1   58.2 --- 66 
*From overall COC. 1Lab titration. 2ICP (Acid Added). 3Low value due to interference. 
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Table D-7: Metals and COC, G1: July 11, 2014 to September 2, 2015. 
Date 
Iron2 
(as Fe) mg/L 
Copper2 
(as Cu) mg/L 
Zinc2 
(as Zn) mg/L 
Molybdenum2 
(as Mo) mg/L 
Titanium2 
(as Ti) mg/L 
Manganese2 
(as Mn) mg/L 
Lithium2 
(as Li) mg/L 
Average 
COC * 
Notes 
7/11/2014 0.39 0.56 0.07 0 0 0.04 0  
Iron was present in the July 11, 2014 and August 15, 2014 samples at low COC, which 
indicated little or no corrosion. 
Copper COC was below the average COC in the July 11, 2014 and August 15, 2014 
samples, which indicated that copper corrosion was minimal if occurring at all. The 
September 19, 2014 sample had a significant amount of copper and high COC but lower 
than the average. The Tolytriazole levels (copper corrosion inhibitor) were satisfactory 
in all samples but lower in the September 19, 2014 sample. 
Zinc was present in the July 11, 2014 and August 15, 2014 samples but the COC was 
below the average COC, which indicated little or no corrosion. 
Molybdenum was present in the August 15, 2014 sample but the COC was below the 
average COC, which indicated little or no corrosion. However, because Molybdenum 
was not present in the makeup water, slight corrosion may have been occurring. 
Manganese was present in all samples at low COC, which indicated little or no 
corrosion. 
Lithium was present in the August 15, 2014 sample similar to the average COC, which 
indicated little or no corrosion. However, because Lithium was not present in the 
makeup water, slight corrosion (or leaking) may have been occurring. 
COC 3.9 14 7 --- --- 4.04 --- 43.4 
8/15/2014 0.68 0.96 0.11 0.21 0.01 0.34 0.53  
COC 6.2 24 11.04 21.04 1.04 34.04 53.04 53.1 
9/19/2014 0 2.29 0 0 0 0.03 0  
COC --- 57.3 --- --- --- 3.04 --- 75.1 
10/16/2014 0.33 0.97 0 
  
0.02 
 
 Iron was present in the October 16, 2014 and December 5, 2014 samples at low COC, 
which indicated little or no corrosion. 
Copper COC was below the average COC in all samples, which indicated that copper 
corrosion was minimal if occurring at all. However, the October 16, 2014 and November 
8, 2014 samples COC were close to the average COC. The Tolytriazole levels (copper 
corrosion inhibitor) were satisfactory in the October 16, 2014 sample but low in the 
November 8, 2014 (6.3 ppm) and December 5, 2014 (6.3 ppm) sample. 
Zinc was only present in the December 5, 2014and March 14, 2015 samples but the COC 
was below the average COC, which indicated little or no corrosion. 
Manganese was present in the October 16, 2014 and December 5, 2014 samples at low 
COC, which indicated little or no corrosion. 
COC 2.4 32.3 --- 
  
2.04 
 
44.2 
11/8/2014 0 0.78 0 
  
0 
 
 
COC --- 19.5 --- 
  
--- 
 
27.1 
12/5/2014 0.26 0.55 0.1 
  
0.01 
 
 
COC 2.4 1.8 1.3 
  
1.04 
 
7.8 
3/14/2015 0 0.02 0.06 
  
0 
 
  
COC --- 0.7 3 
  
--- 
 
15.8 
4/10/2015 0 1.55 0     
 Iron was not present which indicated no corrosion. 
Copper was above or close to the average COC in all samples except the July 10, 2015 
sample which had high copper levels (2.69 mg/L but lower COC than the average. This 
indicated that some copper corrosion may have been occurring. The Tolytriazole levels 
(Copper corrosion inhibitor) were satisfactory (10-20 ppm) in the April 10, May 3, and 
May 29, 2015 samples but very low (6.3 ppm) in the July 10, 2015 sample. 
Zinc was not present which indicated no corrosion. 
COC --- 77.5 ---     63.6 
5/3/2015 0 2.78 0     
 
COC --- 69.5 ---     70.8 
5/29/2015 0 1.97 0     
 
COC --- 98.5 ---     70.9 
7/10/2015 0 2.69 0       
COC --- 53.8 ---     99.7 
8/1/2015 0 2.06 0 
    
 Iron was present in the September 2, 2015 sample similar to the average COC, which 
indicated little or no corrosion. However, because Iron was not present in the makeup 
water, slight corrosion (or leaking) may have been occurring. 
Copper was above the average COC in all samples. This indicated that some copper 
corrosion may have been occurring. The Tolytriazole levels (Copper corrosion inhibitor) 
very low below the recommended (10-20 ppm) in the August 1, 2015 (0.0 ppm) and 
September 2, 2015 (4.0 ppm) samples.  
Zinc was not present which indicated no corrosion. 
COC --- 103 --- 
    
83 
9/2/2015 0.54 1.65 0 
    
 
COC 54.04 82.5 --- 
    
66 
*From overall COC. 
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Figure D-1: Conductivity, TDS, & TDS COC of ZBD Minooka G1 Cooling Tower from July 2014 - September 
2015. 
 
 
 
Table D-8: Silica (SiO2, mg/L) Levels and IWT TDS COC, Minooka G1: July 11, 2014 to September 2, 2015. 
Date 
Silica 
IWT-Lab 
Silica 
IWT-ICP 
Silica 
WCTI 
COC WCTI System Service Report 
7/11/2014 326 414.4 355 45.3 
5/9/14: 8 gallons of silica added in last 16 days (no IWT 
tests). 
6/19/14: 3 gallons of silica added in last 6 days (no IWT 
tests). 
7/11/14: 1.1 gallons of silica added in last 5 days. 
8/15/2014 314 456.5 390 52.4 8/15/14: 2.2 gallons of silica added in last 5 days. 
9/19/2014 386 509.6 380 72.5 9/19/14: 2.0 gallons of silica added in last 8 days. 
10/16/2015 374 378.9 295 45.6 10/16/14: 1.4 gallons of silica added in last 6 days. 
11/8/2014 237 268.1 325 25.9 11/8/14: 2.6 gallons of silica added in last 9 days.  
12/5/2014 215 203 175 6.4 12/5/15: 2.7 gallons of silica added in last 13 days. 
3/14/2015 222 337.1 335 16.3 3/14/15: 2 gallons of silica added in last 4 days. 
4/10/2015 355 464 390 61.6 4/10/15: 2 gallons of silica added in last 7 days. 
5/3/2015 355 464.3 315 71.2 5/3/15: 1.4 gallons of silica added in last 11 days. 
5/29/2015 357 464.4 425 70.9 5/29/15: 0 gallons of silica added in last 7 days. 
7/10/2015 434 370.7 240 95.7 7/10/15: 0 gallons of silica added. 
8/1/2015 388 471.6 385 88.3 8/1/15: 0 gallons of silica added. 
9/2/2015 357 441.6 370 66.3 9/2/15: 0 gallons of silica added. 
Silica Recommended Levels 200-400 mg/L and COC Recommended Levels >20COC (in Bold). 
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Figure D-2: Silica & TDS COC of ZBD Minooka G1 Cooling Tower from July 2014 - September 2015. 
 
 
 
Table D-9: Tolytriazole/Benzotriazole (ppm) Levels and IWT TDS Minooka G1: July 11, 2014 to September 2, 
2015. 
Date 
Tolytriazole 
IWT 
Tolytriazole 
WCTI2 
Benzotriazole 
IWT1 
Benzotriazole 
WCTI1 
COC WCTI Service Reports 
7/11/2014 68.8 25.7 120.4 45 45.3 
5/9/14: Tolytriazole was added. 
6/19/14: No tolytriazole was added. 
7/11/14: No tolytriazole was added. 
8/15/2014 56.3 28.5 98.5 50 52.4 No tolytriazole was added. 
9/19/2014 25 8.6 43.8 15 72.5 No tolytriazole was added. 
10/16/2015 37.5 14.3 65.5 25 45.6 No tolytriazole was added. 
11/8/2014 6.3 2.9 11 5 25.9 Tolytriazole was added. 
12/5/2014 6.3 0 11 0 6.4 
No tolytriazole was added. Levels 
and cycles are low because the 
system was drained and refilled. 
3/14/2015 137.5 51.3 240.6 90 16.3 
Tolytriazole levels high because of 
recent addition. 
4/10/2015 37.5 11.4 65.6 20 61.6 No tolytriazole was added. 
5/3/2015 31.3 8.6 54.8 15 71.2 Tolytriazole was added. 
5/29/2015 18.8 8.6 32.9 15 70.9 Tolytriazole was added. 
7/10/2015 6.3 1.1 11 2 95.7 Tolytriazole was added. 
8/1/2015 0 1.1 0 2 88.3 Tolytriazole was added. 
9/2/2015 4 1.1 7 2 66.3 No tolytriazole was added. 
Tolytriazole Recommended Levels 10-20 ppm (in Bold) and COC Recommended Levels >20COC (in Bold). 1WCTI actually measured 
Benzotriazole and IWT Benzotriazole is 175% of Tolytriazole. 2Tolytriazole is calculated from Benzotriazole. 34/21/15  
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Corrator Probe Corrosion Rates, G1 
The corrator probe corrosion measurements were performed through WCTI for stainless steel, mild steel, 
copper and aluminum (Table D-10). The corrator probe corrosion rates were excellent during the study period 
and before the study period except moderate for Copper (Table D-11) on October 22, 2013, before the study 
began (Table D-10).  
 Stainless Steel: No Corrosion was indicated in all samples except May 29, 2015, where pitting corrosion 
indicated a very good corrosion rate. 
 Mild Steel: Excellent general corrosion rates were measured in all tests before the project and during 
the project (Figure D-3). The silica levels were satisfactory even when COC was reduced (Table D-8) 
when silica IWT and TDS COC was used (Figure D-4). 
 Copper: Moderate general corrosion rate was indicated on March 26, 2014, before the project started. 
All other test indicated no corrosion (Figure D-5). Tolytriazole IWT (Table D-9) did not follow COC but 
was at or above the target of 10-20 ppm tolytriazole when the corrator test were performed (Figure D-
6). 
 Aluminum: The March 26, 2014, test indicated a slight tendency toward pitting corrosion. The June 3, 
2014 test indicated no corrosion.  
 
 
 
Table D-10: Minooka G1, Corrator Probe Corrosion Rates, October 22, 2013 to May 29, 2015. 
Date Measurement Stainless Steel Mild Steel Copper Aluminum 
10/22/13 Corrosion MPY1 0.00 0.41 0.00  
Imbalance2 0.00 0.00 0.00  
3/26/14 Corrosion MPY1 0.00 0.00 0.30 0.00 
Imbalance2 0.00 0.00 0.00 0.01 
6/3/14 Corrosion MPY1 0.00 0.01 0.00 0.00 
Imbalance2 0.00 0.05 0.00 0.00 
8/28/14 Corrosion MPY1 0.00 0.00   
Imbalance2 0.00 0.00   
5/29/15 Corrosion MPY1 0.00 0.11 0.00  
Imbalance2 0.06 0.15 0.00  
1MPY = mills per year, 2Imbalance indicates pitting tendency. It has been found empirically that when the imbalance reading is less 
than the corrosion rate reading or close to zero, corrosion is general corrosion with insignificant pitting. If the imbalance becomes 
more erratic and similar to or greater than the corrosion rate value, this is indicative of increased pitting. If the imbalance is up to 
ten times greater than the corrosion rate or very erratic this is indicative of a significant pitting which should be verified by visual 
inspection of the probe electrodes. 
 
 
 
Table D-11: Corrosion Coupon Corrosion Rates for Cooling Towers. 
Description Mild Steel-MPY Copper-MPY Stainless Steel -MPY Aluminum 
Excellent < 0.50 <0.10 <0.03 <0.5 
Very Good 0.50 to 0.99 0.10 to 0.19 0.04 to 0.06  
Good 1.00 to 1.99 0.20 to 0.29 0.07 to 0.10 0.5-1.9 
Moderate to Fair 2.00 to 2.99 0.30 to 0.49 0.11 to 0.14 2.0-4.9 
Poor 3.00 to 5.00 0.50 to 1.00 0.15 to 0.20 5.0-10.0 
Very Poor to Severe > 5.00 > 1.00 >0.20 >10.0 
1MPY = mills per year, 2Imbalance indicates pitting tendency 
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Figure D-3: Mild Steel Corrosion of ZBD Minooka G1 Cooling Tower from June 2014 - September 2015. 
 
 
 
 
Figure D-4: Mild Steel Corrosion, Silica, & TDS COC of ZBD Minooka G1 Cooling Tower from June 2014 – 
September 2015. 
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Figure D-5: Copper Corrosion of ZBD Minooka G1 Cooling Tower from June 2014 - September 2015. 
 
 
 
 
Figure D-6: Copper Corrosion Triazole, & TDS COC of ZBD Minooka G1 Cooling Tower from June 2014 - 
September 2015. 
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Biological, G1 
Chlorine, pH, ATP, fungi, aerobic bacteria and Legionella were tested on all cooling tower samples (Table D-
12). pH between 9.7 and 10.0 was needed to reduce biological growth. According to the WCTI System Service 
Reports, biocide (Belicide 355) was added throughout the season, only on June 19, October16, and November 
8, 2014, and July 10, 2015. The WCTI Aerobic Bacteria tests results were much lower that the IWT and PVI 
tests. 
 
Chlorine, G1 
Only a small amount of chlorine was present, presumably left over from the cold distribution chlorine. No 
supplemental chlorine was added. 
 
pH, G1 
A pH of 9.7 to 10.0 needs to be maintained to reduce or eliminate bacteria growth. pH follows TDS/COC and 
the target for COC was 20 COC as a minimum. To achieve pH 9.7 or greater the COC ranged from 26 to 96, the 
TDS range was 10,290 to 38,746 mg/L except June 19, 2014, when pH was 9.7, TDS was 6,381 and COC was 14. 
COC, TDS and pH were low December 5, 2014, and March 14, 2015, when the tower was off and on line due to 
cool weather. The pH was in the recommended level 86.7% of the time. 
 
ATP, G1 
ATP had great variation and ranged from 30 to 302,205 RLU (Figures D-7, 8 and 11). Poor readings comprise 
64% of the samples and 31% were good or better (Table D-13). 
 
The ATP values indicated excellent to extremely poor control (Figure D-7). Excellent and good ATP values 
occurred 31% of the time when the COC was high but only 0% of the time when COC was low (Table D-12). 
The 2 samples tested at low COC had the highest ATP values from this site, extremely high ATP indicating 
extremely poor control. This indicates that the high conductivity/TDS/COC/pH depresses biological growth to 
some degree (Figure D-8). 
 
Fungi, G1 
No fungi should be present in a tower that is under good biological control. Some fungi are slower growing 
than others so the media was examined after 2-5 days as well as 10-15 days. Fungi were present in 5 of the 12 
samples tested for Fungi. 
 
Aerobic Bacteria, G1 
The information below is illustrated in Figure J-9. In general longer incubation times resulted in higher values 
regardless of the test. Bacteria ranged from 0 to 10,000,000 CFU/mL (Figure J-9 and Table D-14). 
 
The bacteria values indicated excellent to extremely poor control. Excellent and good ATP values occurred 
21% of the time when the COC was high but only 5% of the time when COC was low (Table D-14). This 
indicates that the high conductivity/TDS/COC/pH depresses biological growth to some degree (Figure J-10). 
 
Legionella, Phigenics PVT Test, G1 
Legionella was not found in any of the samples. 
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Table D-12: Cooling Tower, Biological, Minooka G1: May 9, 2014 to September 2, 2015. 
Date 5/9/14 6/19/14 7/11/14 8/15/14 9/19/14 10/16/14 11/8/14 12/5/14 3/14/15 4/10/15 5/3/15 5/29/15 7/10/15 8/1/15 9/2/15 
Free Cl21  ppm   <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Total Cl21 ppm   <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
                
pH 10.53 9.73 9.91 9.87 9.92 9.93 9.88 9.52 9.57 9.92 9.96 9.91 9.97 9.90 9.91 
notes WCTI 
Only: pH 
was 
above 
(10.5) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
WCTI 
Only: pH 
was at the 
low end 
(9.7) of the 
target of 
pH 9.7 to 
10.0 so 
some 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.91) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.87) the 
target of pH 
9.7 to 10.0 
so reduction 
of biological 
growth was 
expected. 
pH was 
within (9.92) 
the target of 
pH 9.7 to 
10.0 so 
reduction of 
biological 
growth was 
expected. 
pH was 
within 
(9.93) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
November 
10, 2014: 
pH was 
within 
(9.88) of the 
target of pH 
9.7 to 10.0 
so 
reduction of 
biological 
growth was 
expected. 
December 
8, 2014: pH 
was below 
(9.52) the 
target of pH 
9.7 to 10.0 
so 
reduction of 
biological 
growth was 
not 
expected. 
March 6, 
2015: pH was 
below (9.57) 
the target of 
pH 9.7 to 
10.0 so 
reduction of 
biological 
growth was 
not expected. 
pH was 
within (9.92) 
the target of 
pH 9.7 to 
10.0 so 
reduction of 
biological 
growth was 
expected. 
pH was 
within (9.96) 
the target of 
pH 9.7 to 
10.0 so 
reduction of 
biological 
growth was 
expected. 
pH was 
within 
(9.91) the 
target of pH 
9.7 to 10.0 
so 
reduction of 
biological 
growth was 
expected. 
pH was 
within 
(9.97) the 
target of pH 
9.7 to 10.0 
so 
reduction of 
biological 
growth was 
expected. 
pH was 
within (9.01) 
the target of 
pH 9.7 to 
10.0 so 
reduction of 
biological 
growth was 
expected. 
pH was within 
(9.91) the 
target of pH 
9.7 to 10.0 so 
reduction of 
biological 
growth was 
expected. 
                
Total ATP1 RLU 
(Ultrasnap) 
  902 141,547 ---     54 1888 26,260 111 4718 165 [1606] 
Total ATP1 RLU    136,458 2,921 67,253 116,363 1,030,166 345,796 24 (44%) 192 (10%) 12,734 
(48%) 
50 (45%) 4 (0%) 25 (12%) [206] 
Free (Dead) ATP1 
RLU (Percent) 
   46,007 
(34%) 
502 (17%) 43,508 
(65%) 
91,312 
(78%) 
849,738 
(82%) 
43,591 (13%) 30 (56%) 1696 (90%) 13,526 
(52%) 
61 (55%) 4714 (100%) 145 (88%) 
[1406] 
Living ATP1,4 RLU 
(Percent) 
   90,451 
(66%) 
2419 (83%) 23,745 
(35%) 
25,051 
(22%) 
185,428 
(18%) 
302,205 
(87%) 
      
Notes 
WCTI 
sample 
only. 
WCTI 
sample 
only. 
Total ATP 
(Ultrasnap) 
was very 
low 
indicating 
Good 
Control. 
There was 
good 
agreement 
between 
the 
Ultrasnap 
and Total 
ATP. Total 
ATP was 
very high 
indicating 
Extremely 
Poor 
Control and 
66% of the 
ATP (90,451 
RLU) was 
from living 
cells.  
The Total ATP 
was slightly 
high 
indicating 
Poor Control 
and 83% of 
the ATP 
(2419 RLU) 
was from 
living cells. 
The Total 
ATP was 
high 
indicating 
Extremely 
Poor 
Control but 
65% of the 
ATP 
(43,508 
RLU) was 
from dead 
cells. 
The Total 
ATP was 
very high 
indicating 
Poor 
Control but 
78% of the 
ATP (91,312 
RLU) was 
from dead 
cells. 
The Total 
ATP was 
extremely 
high 
indicating 
Extremely 
Poor 
Control but 
82% of the 
ATP 
(849,738 
RLU) was 
from dead 
cells. 
The Total ATP 
was 
extremely 
high 
indicating 
Extremely 
Poor Control 
and 87% of 
the ATP 
(302,205 
RLU) was 
from living 
cells. 
The Total ATP 
was very low 
indicating 
Excellent 
Control but 
56% of the 
ATP (30 RLU) 
was from 
living cells. 
The Total ATP 
was slightly 
high 
indicating 
Poor Control 
and 90% of 
the ATP 
(1696 RLU) 
was from 
living cells. 
The Total 
ATP was 
high 
indicating 
Extremely 
Poor 
Control and 
52% of the 
ATP (13,526 
RLU) was 
from living 
cells. 
The Total 
ATP was 
very low 
indicating 
Excellent 
Control but 
55% of the 
ATP 
(61RLU) 
was from 
living cells. 
The Total ATP 
was high 
indicating 
Poor Control 
and 100% of 
the ATP 
(4714 RLU) 
was from 
living cells. 
The Total ATP 
was very low 
indicating 
Excellent 
Control but 
88% of the ATP 
(14 RLU) was 
from living 
cells. 
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Fungi1 CFU/mL (2-
5 days) 
   <10 10 <10 <10 <10 <10 <10 <10 <10 5 <10 100 
Fungi1 CFU/mL 
(10-15 days) 
   >100,000 15,000 <10 <10 <10 <10 <10 <10 5 1000 <10 >100,000 
notes 
   The sample 
initially did 
not have 
fungi 
growth but 
after 10-15 
days, fungi 
was 
Extremely 
High at 
>100,000 
CFU/mL. 
The sample 
initially had 
low fungi 
growth (10 
CFU/mL) but 
after 10-15 
days, fungi 
were High at 
15,000 
CFU/mL. 
      The sample 
initially did 
not have 
fungi 
growth but 
after 10-15 
days, fungi 
was just 
present at 5 
CFU/mL. 
The sample 
initially had 
low fungi 
growth (10 
CFU/mL) 
but after 
10-15 days, 
fungi were 
Somewhat 
High at 
1000 
CFU/mL. 
 The sample 
initially had 
moderate 
fungi growth 
(100 CFU/mL) 
but after 10-15 
days, fungi was 
Extremely High 
at >100,000 
CFU/mL. 
                
Aerobic Bacteria1 
CFU/mL (2-5 
days) 
   650 100,000 0 50 20 1000 10,000,000 75,000 10,000 50,000 80 >10,000,000 
Aerobic Bacteria1 
CFU/mL (10-15 
days) 
  5,000 60,000 1,000,000 60,000 1,000,000 100,000 1,000,000 10,000,000 800,000 500,000 1,000,000 10,000,000 >10,000,000 
Aerobic Bacteria2 
CFU/mL (6-8days) 
   1,000,000 10,000,000 10,000 100,000 100,000 10,000,000 10,000,000 10,000,000 1,000,000 1,000,000 100,000 1,000,000 
Aerobic Bacteria3 
CFU/mL (2days) 
<10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 
Notes Only 
tested by 
WCTI, 
which 
indicated 
Excellent 
Control. 
Only 
tested by 
WCTI, 
which 
indicated 
Excellent 
Control. 
IWT 
indicated 
Excellent 
Control. 
The IWT (2-
5 days) 
indicated 
Good 
Control but 
the IWT (10-
15 days) 
indicated 
Fair Control 
and the PVT 
test 
indicated 
Extremely 
Poor 
Control.  
The IWT (2-5 
days) 
indicated 
Poor Control 
and the IWT 
(10-15 days) 
and PVT test 
indicated 
Extremely 
Poor Control. 
The IWT (2-
5 days) 
indicated 
Excellent 
Control 
while the 
IWT (10-15 
days) test 
indicated 
Fair 
Control. 
The PVT 
test 
indicated 
Good 
Control. 
The IWT (2-
5 days) 
indicated 
Excellent 
Control but 
the IWT 
(10-15 days) 
indicated 
Extremely 
Poor 
Control and 
PVT 
indicated 
Poor 
Control.  
The IWT (2-
5 days) 
indicated 
Excellent 
Control but 
the IWT 
(10-15 
days) and 
PVT test 
indicated 
Poor 
Control.  
The IWT (2-5 
days) 
indicated 
Excellent 
Control but 
the IWT (10-
15 days) and 
PVT test 
indicated 
Extremely 
Poor Control. 
All bacteria 
tests (except 
WCTI) were 
extremely 
high 
indicating 
Extremely 
Poor Control. 
The IWT (2-5 
days) and 
(10-15 days) 
indicated 
Poor Control 
and PVT test 
indicated 
Extremely 
Poor Control. 
The IWT (2-
5 days) 
indicated 
Good 
Control but 
the IWT 
(10-15 
days) 
indicated 
Poor 
Control and 
the PVT test 
indicated 
Extremely 
Poor 
Control.  
The IWT (2-
5 days) 
indicated 
Fair Control 
but the IWT 
(10-15 days 
and the PVT 
test 
indicated 
Extremely 
Poor 
Control.  
The IWT (2-5 
days) 
indicated 
Excellent 
Control but 
the IWT (10-
15 days) 
indicated 
Extremely 
Poor Control 
and PVT 
indicated 
Poor Control.  
All bacteria 
tests (except 
WCTI) were 
extremely high 
indicating 
Extremely Poor 
Control. 
                
Legionella2 
CFU/mL 
               
L. pneumophila 
(serogroup 1) 
   0 0 0 0 0 0 0 0 0 0 0 0 
L. pneumophila 
(serogroup 2-14) 
   0 0 0 0 0 0 0 0 0 0 0 0 
L. species    0 0 0 0 0 0 0 0 0 0 0 0 
1Field/Immediate Test. 2Phigenics PVI Test. 3WCTI Test. 4Calculated. 5New ATP meter, less sensitive, 6Old AMSA meter equivalent. 
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Table D-13: ATP and COC, G1. 
ATP Excellent Percent Good Percent Poor  Percent Extremely 
 Poor 
Percent 
COC <20 0 0% 0 0% 0 0% 2 15 % 
COC >20 3 23% 1 8% 3 23% 4 31% 
Total 3 23% 1 8% 3 23% 6 46% 
 
 
 
 
Figure D-7: ATP of ZBD Minooka G1 Cooling Tower from July 2014 - September 2015. 
 
 
 
 
Figure D-8: ATP & TDS COC of ZBD Minooka G1 Cooling Tower from July 2014 - September 2015. 
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Table D-14: Bacteria and COC, Minooka G1 
Testing Excellent Percent Good Percent Fair Percent Poor Percent Extremely 
Poor 
Percent 
<20 COC 
2-5 Days1 2 5%         
6-8 Days2       1 3%   
10-15 Days1       1 3% 2 5% 
Total 2 5%     2 5% 2 5% 
>20 COC 
2-5 Days1 4 11% 1 3% 2 5% 1 3% 2 5% 
6-8 Days2 1 3% 1 3%   3 8% 6 16% 
10-15 Days1 1 3%   2 5% 3 8% 5 13% 
Total 6 16% 2 5% 4 11% 7 18% 13 34% 
Total 
2-5 Days1 6 16% 1 3% 2 5% 1 3% 2 5% 
6-8 Days2 1 3% 1 3%   4 11% 6 16% 
10-15 Days1 1 3%   2 5% 4 11% 7 18% 
Total 8 21% 2 5% 4 11% 9 24% 15 39% 
1IWT, 2Phigenics 
 
 
 
 
Figure D-9: Bacteria of ZBD Minooka G1 Cooling Tower from July 2014 - September 2015. 
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Figure D-10: Bacteria & TDS COC of ZBD Minooka G1 Cooling Tower from July 2014 - September 2015. 
 
 
 
 
Figure D-11: ATP & Bacteria of ZBD Minooka G1 Cooling Tower from July 2014 - September 2015. 
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Water Usage, G1 
This tower operated relatively consistently at 3.7-6.3 GPM from May to October (Table D-15). The May to 
November GPM was lower which can be expected due to low temperature. The COC roughly follows the water 
usage (Figure D-12). The tower when operating under steady load used 2.1-6.3 GPM. 
 
 
 
Table D-15: Minooka G1 Water Usage 5/9/14 to 9/2/15, Zero Blowdown. 
Date Meter Reading Gallons Days GPD GPM 
5/9/2014 660,262 117,222 16 7,326 5.1 
6/19/2014 1,004,684 344,422 41 8,401 5.8 
7/11/2014 1,193,687 189,003 22 8,591 6.0 
8/15/2014 1,452,174 258,487 35 7,385 5.1 
9/19/2014 1,696,381 244,207 35 6,977 4.8 
10/16/2014 1,839,735 143,354 27 5,309 3.7 
11/8/2014 1,941,950 102,215 23 4,444 3.1 
12/5/2014 1,976,133 34,183 27 1,266 0.9 
3/14/2015 2,024,909 48,776 99 493 0.3 
4/10/2015 2,105,304 80,395 27 2,978 2.1 
5/3/2015 2,200,820 95,516 23 4,153 2.9 
5/29/2015 2,353,685 152,865 26 5,879 4.1 
7/10/2015 2,672,458 318,773 42 7,590 5.3 
8/1/2015 2,871,741 199,283 22 9,058 6.3 
9/2/2015 3,084,637 212,896 32 6,653 4.6 
Total  2,541,597  
Note: 12/5/2014, System drained and refilled due to cold temp.  
 
 
 
 
Figure D-12: Water Usage & TDS COC of ZBD Minooka G1 Cooling Tower from May 2014 - September 2015. 
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Cooling Tower, G2 
The Minooka G2 tower was operating under the WCTI system, zero blowdown, with silica, tolytriazole, 
antifoam and biocide added as needed. WCTI sampled this system June 19, 2014 but IWT did not. The tower 
was operating at low COC (6 COC) due to excessive blowdown on June 19, 2014. WCTI and IWT (Table D-16) 
tested G2 tower samples from May 9, 2014, to September 2, 2015. Because of cold weather, the tower 
operated at low COC (December 5, 2014, and March 14, 2015) and samples were not collected in January and 
February 2015. The hardness, silica, tolytriazole/benzotriazole, pH and Total Dissolved Solids results of the IWT 
and WCTI cooling tower tests are compared in Table D-17. 
 
Cycles of Concentration (COC), G2 
 
Elements that are Soluble and Indicate Overall COC and TDS and Conductivity, G2 
Table D-18 determines the average COC of each cooling tower water analysis. The highest and lowest values 
were omitted because of possible errors in sampling or analysis. Silica was not used because it is added as the 
steel corrosion inhibitor. The range of conductivity, TDS and COC of the monthly samples was from a low of 
4,447 µS/cm, 3,017 mg/L and 7.2 COC (12/5/14) to 35,370 µS/cm, 30,730 mg/L and 73.5 COC (5/29/2015). The 
tower conductivity, total dissolved solids and COC as expected follow the same pattern (Figure D-13).  
 
Hardness/Calcium Scaling and COC, G2 
There was good agreement between the total hardness lab test and the ICP test (Table D-19), except for the 
May 9, 2014, sample where the titrated value was higher than the ICP sample (unknown reason Table D-19) 
and the July 11 to December 5, 2014, ICP samples which were much higher that the titrated samples (Table D-
19). This may be due to small suspended hardness solids that were dissolved and measured by the ICP process 
and not measured by titration. The target hardness in the tower is <30 mg/L which was achieved in all samples 
except the May 9, 2014, which was somewhat high at 50 mg/L titration or 37.89 mg/L ICP (Table D-19). 
 
Metals and COC, G2 
The metals that were 0.00 mg/L in the makeup water were assumed to be 0.01 mg/L to calculate COC. The 
actual COC could actually be higher (Table D-20). If the COC was higher than the Average COC then this is an 
indication of corrosion taking place. All other metals were 0.00 mg/L in the cooling tower samples. 
 
Monthly Silica Levels and COC, G2 
Silica is the steel corrosion inhibitor and the recommended level is 200-400 mg/L. The silica levels and COC are 
noted in Table D-21. Silica and COC were satisfactory during the entire project except December 5, 2014. Silica 
was pumped to the makeup water that fed the tower. Because the city water contained 7-8 mg/L silica the 
tower conductivity COC had more impact on silica levels (silica IWT-lab) than the silica addition (Figure D-14).  
 
Monthly Tolytriazole Levels and IWT TDS COC, G2 
Tolytriazole was added when levels were low May 9, 2014. When COC was high (above 20 COC), from May 9 
to October 16, 2014, tolytriazole was not added because the level was satisfactory, near, at or above 
recommended levels of 10-20 ppm (Table D-22). On November 8, 2014, tolytriazole was low (8.6 ppm, WCTI) 
so tolytriazole was added but then the sample for IWT was collected giving a false high result. Because the 
tower was drained and refilled in December 2014 the levels were low and tolytriazole was not added. When 
the tower came back on line in March 2015 tolytriazole was added and satisfactory while the tower cycled up. 
 
The tower was cycled up but tolytriazole levels were only satisfactory on May 29, 2015. Tolytriazole was only 
added. On July 10, 2015, but levels remained low for unknown reasons (Table D-22).
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Table D-16: IWT, Cooling Tower Water, Minooka G2 May 9 to September 19, 2014. 
Date 5/9/14 COC 7/11/14 COC 8/15/14 COC 9/19/14 COC 10/16/14 COC 11/8/14 COC 12/5/14 COC 3/14/15 COC 4/10/15 COC 5/3/15 COC 5/29/15 COC 7/10/15 COC 8/1/15 COC 9/2/15 COC 
P-Alkalinity1 (as CaCO3) mg/L 4180 --- 4100 --- 3400 --- 4600 --- 3000 --- 3100 --- 400 --- 1700 --- 5100 --- 3300 --- 8000 --- 6900 --- 5800 --- 4200 --- 
M-Alkalinity1 (as CaCO3) mg/L 12,300 45.2 7600 13.7 11,350 41.1 15,800 54.5 8000 28.2 9100 35.3 2250 7.9 6650 24.2 14,200 47.3 9700 34.0 20,900 76.0 16,700 58.6 16,000 57.1 11,400 40.7 
Chloride1(as Cl) mg/L 1100 44.0 740 27.4 1150 46.0 1900 95.0 900 34.6 1306 4.8 180 7.5 680 21.9 1525 46.2 1150 34.8 2350 83.9 1550 59.6 1650 61.1 1000 43.5 
Sulfate2 (as SO4) mg/L 1779 53.9 918 25.5 1246 40.2 1832 57.3 899 27.2 996 30.2 204 5.8 886 23.3 1845 52.7 1262 36.1 2790 77.5 1954 59.2 1959 57.6 1369 41.5 
                             
Total Hardness1(as CaCO3) mg/L 50 --- Trace --- Trace --- Trace --- Trace  Trace --- Trace --- 6 --- 16 --- 14 --- 25 --- 20 --- 15 --- 18 --- 
Total Hardness2(as CaCO3) mg/L 37.89 106.0 9.70 51.1 13.52 75.1 16.14 52.1 7.75 25.8 8.09 25.3 2.34 21.3 8.05 61.9 14.03 93.5 15.24 80.2 20.16 9.5 14.12 37.2 13.79 46.0 16.29 31.9 
Calcium  Hardness1(as CaCO3) mg/L 20 ---                           
Calcium  Hardness2(as CaCO3) mg/L 27.59 125.4 6.78 35.7 10.25 56.9 11.04 64.9 4.94 29.1 5.07 25.4 1.58 14.4 5.77 44.4 9.97 66.5 12.06 63.5 14.44 13.0 10.52 45.7 9.61 56.5 13.14 42.4 
Magnesium Hardness2(as CaCO3) 
mg/L 
10.30 85.8 2.92 --- 3.27 --- 5.10 36.4 2.81 23.4 3.02 25.2 0.76 --- 2.28 --- 4.06 --- 3.17 --- 5.72 5.7 3.64 24.3 4.18 32.2 3.15 15.8 
                             
Nitrate3 (as NO3) mg/L 23.8 39.7 17.9 29.8 21.8 10.9 16.8 84.0 8.7 43.5 12.5 6.3 6.0 3.5 13.7 19.6 23.9 29.9 16.0 14.5 32.9 41.1 28.9 36.1 31.4 78.5 16.9 21.1 
Ammonia3 (as NH4) mg/L 0.5 --- 0.2 --- 4.3 --- 0.3 --- 0.1 --- <0.1 --- <0.1 --- 0.1 1.0 0.1 --- <0.1 --- 0.3 1.5 1.2 1.2 0.8 1.1 0.2 --- 
Iron2 (as Fe) mg/L 3.26 25.1 0.68 6.18 1.59 12.2 0.31 2.4 0.26 1.5 0.00 --- 0.13 1.6 0.59 6.6 0.00 --- 0.91 8.2 0.00 --- 0.00 --- 0.39 9.8 0.33 33.0 
Copper2 (as Cu) mg/L 0.83 83.0 0.27 6.8 0.23 11.5 0.42 42.0 0.45 45.0 0.03 1.5 0.34 4.3 0.03 1.5 2.27 113.5 2.48 82.7 0.56 56.0 1.92 192.0 1.51 151.0 0.67 11.2 
Zinc2 (as Zn) mg/L 0.56 56.04 0.05 2.5 0.15 15.04 0.00 --- 0.00 --- 0.00 --- 0.08 2.7 0.40 40.0 0.00 --- 0.12 6.0 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Molybdenum2 (as Mo) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Aluminum2 (as Al) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 1.67 167.04 
Titanium2 (as Ti) mg/L 0.04 4.04 0.01 1.04 0.01 1.04 0.00 --- 0.00 --- 0.00 --- 0.01 1.04 0.01 1.04 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Chromium2 (as Cr) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Manganese2 (as Mn) mg/L 0.05 5.04 0.03 3.04 0.04 4.0 0.02 2.04 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.02 2.04 0.00 --- 
Lithium2 (as Li) mg/L 0.00 --- 0.35 35.04 0.51 51.04 0.63 63.04 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
Sodium2 (as Na) mg/L 8368 53.3 4084 58.8 6038 39.2 8634 54.2 4179 26.7 4808 29.3 1201 7.1 3848.9 23.3 8210.5 49.3 5776.1 35.0 11,860.8 72.4 9039.9 57.0 8436.8 53.7 6337.8 39.3 
Potassium2 (as K) mg/L 485 33.4 168.2 420.5 251.6 39.3 346.5 58.7 153.0 21.5 170.2 25.4 54.1 6.5 140.3 28.1 348.2 51.2 305.0 36.3 627.0 88.3 482.1 51.8 410.1 60.3 281.2 37.5 
Boron2 (as B) mg/L 29.15 50.3 15.68 27.0 22.49 38.8 31.78 54.8 16.26 28.0 17.52 30.2 4.24 7.1 13.28 22.9 27.88 49.8 20.60 36.8 43.76 74.2 33.54 58.8 31.67 55.6 23.36 41.0 
Strontium2 (as Sr) mg/L 0.25 25.04 0.06 6.04 0.09 9.04 0.11 11.04 0.04 4.04 0.04 4.04 0.01 1.04 0.04 4.04 0.09 --- 0.06 --- 0.15 15.0 0.10 --- 0.10 10.04 0.08 8.04 
Barium2 (as Ba) mg/L 0.09 9.04 0.01 1.04 0.02 2.04 0.02 2.04 0.00 --- 0.00 --- 0.00 --- 0.01 1.04 0.01 --- 0.00 --- 0.02 --- 0.01 --- 0.02 2.04 0.01 1.04 
Thallium2 (as Tl) mg/L 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 0.00 --- 
                             
Silica3 (as SiO2) mg/L 300 37.5 356 39.6 305 33.9 384 38.4 278 39.7 279 31.0 194 21.6 240 30.0 346 43.3 290 36.3 376 47.0 368 36.8 243 48.8 338 37.6 
Silica2 (as SiO2) mg/L 1115 139.4 398.5 50.4 561.6 72.9 484.3 62.1 357.4 45.2 271.3 34.3 166.6 20.8 439.9 54.3 453.5 58.1 421.9 54.1 476.1 57.4 441.8 55.2 412.7 52.9 329.3 42.2 
Tolytriazole ppm 5.0 --- 59.4 --- 43.8 --- 59.4 --- 12.5 --- 409.46 --- 3.1 --- 150.0 --- 3.1 --- 1.0 --- 78.1 --- 6.3 --- 0.0 --- 1.5 --- 
Total Phosphate2(as PO4) mg/L 88.78 56.2 60.06 36.0 80.67 50.1 119.41 66.0 60.26 30.6 60.74 34.3 12.00 6.2 43.01 27.0 91.06 61.1 68.46 43.6 145.79 86.3 117.30 67.4 115.18 62.3 80.30 49.0 
Total Phosphate3(as PO4) mg/L 88.45 49.4 54.13 28.3 76.33 41.5 115.43 60.4 62.34 33.3 59.70 30.2 15.12 7.3 45.42 23.5 92.70 49.0 73.40 37.3 137.73 81.0 108.21 58.5 109.19 56.3 76.01 41.3 
                             
pH1 9.84 --- 9.85 --- 9.86 --- 9.93 --- 9.86 --- 9.91 --- 9.54 --- 9.67 --- 9.87 --- 9.48 --- 9.94 --- 9.98 --- 9.86 --- 9.83 --- 
Temp°C1 23.5 --- 18.3 --- 23.0 --- 22.2 --- 21.4 --- 22.6 --- 22.3 --- 23.6 --- 24.0 --- 20.6 --- 22.0 --- 24.4 --- 21.7 --- 22.2 --- 
Total Dissolved Solids3 mg/L 20,890 52.5 10,874 27.0 16,228 41.3 23,614 59.2 10,970 27.8 12,478 31.6 3010 7.2 10,316 24.0 21,210 49.6 14,820 35.0 30,730 73.5 23,272 56.5 22,508 56.6 16,192 39.9 
Conductivity1  µS/cm 25,650 37.2 14,400 21.3 22,500 33.9 28,090 42.2 14,690 22.0 16,380 24.2 4447 6.5 13,430 18.9 26,000 36.5 19,050 27.2 35,370 50.8 27,930 40.9 26,930 40.0 20,390 28.9 
Total Suspended Solids3 mg/L 1080 1080.0 19 1.5 57 --- 204 51.0 62 31.0 29 9.7 32 --- 21 7.0 7 --- 45 5.0 268 89.3 12 --- 4 4.0 7 --- 
Turbidity NTU 114 114.0 10 --- 26 --- 10 10.0 32 32.0 24 --- 13 --- 15 --- 3 --- 2 --- 10 --- 2 --- 2 --- 4 --- 
Total NVOC ppm                         21.6 36.0   
WCTI System Service Reports June 19, 2014, 
WCTI Comments: 
Shut off the 
manual blow 
down line. 
Closed the 
manual blow 
down line. 
  Manually blew 
down the 
system. 
    December 19, 
2014, WCTI 
Comments: 
Condenser water 
levels are low 
because the 
system was 
drained and 
refilled. 
Just restarted 
the system 
3/9/2015. 
Blew down some 
water out of the 
system. 
  System was 
blown down. 
System was 
blown down. 
System was blown 
down. 
System was blown 
down. 
1Field/Immediate Test. 2ICP. 3Lab Test. 4If makeup water was 0.01 mg/L. 5Filter blank estimated before 8/1/2014, 8/1/2014 to present filter prewashed. 6Chloride test low, possibly due to interference from extremely high 
Tolytriazole. 
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Table D-17: IWT and WCTI Minooka, G2: Cooling Tower Water, May 9 to June 19, 2014. 
Date 
Testing 
Agency 
Total Hardness1 
(as CaCO3) mg/L 
Total Hardness2 
(as CaCO3) mg/L 
Silica3 (as 
SiO2) mg/L 
Silica2 (as 
SiO2) mg/L 
Tolytriazole 
ppm 
Benzotriazole 
ppm4 
pH1 
Total Dissolved 
Solids3 mg/L 
Notes 
5/9/2014 
IWT 50 37.89 300 1115 5 8.8 9.84 20,890 
Hardness: The WCTI test was within the WCTI target (30 mg/L) but the IWT 
titration and ICP tests were higher. 
Silica: Satisfactory agreement between IWT lab test and WCTI, satisfactory 
levels. The IWT ICP test was greater due to measuring polysilicates.  
Tolytriazole/Benzotriazole: Good agreement between IWT and WCTI tests 
and both were below the recommended levels of 10-20 ppm. Tolytriazole was 
added to the system. 
Total Dissolved Solids (TDS): Satisfactory. 
Cycles of Concentration (COC): Satisfactory levels. 
COC --- 106 37.5 139.4 --- --- --- 52.5 
WCTI 20   390   5.75 10 10.3 15,700 
COC ---   ---   --- --- --- 44.6 
6/19/2014 
WCTI 5   200   0.65 1 9.5 2780 
(Only WCTI) 
Hardness: Within WCTI target. 
Silica: Satisfactory. 
Tolytriazole/Benzotriazole: Extremely Low, below the recommended 10-20 
ppm, due to excessive blowdown. 
Total Dissolved Solids (TDS): Extremely Low (2780 mg/L) due to excessive 
blowdown. Manual blowdown line was adjusted. 
Cycles of Concentration (COC): Very low (5.9) due to excessive blowdown. 
COC ---   ---   --- --- --- 5.9 
7/11/2014 
IWT Trace 9.7 356 398.5 59.4 104 9.85 10,874 
Hardness: Good agreement with IWT titration and WCTI. IWT ICP value was 
greater than the titration value. Possibly small suspended hardness solids 
were dissolved and measured by the ICP process and not measured by 
titration. Hardness was within WCTI target (30 mg/L). 
Silica: Good agreement between IWT lab and ICP test with the WCTI test, 
satisfactory levels.  
Tolytriazole/Benzotriazole: IWT levels higher than WCTI and both were 
above the recommended levels of 10-20 ppm.  
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, 
satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC --- 51.1 39.6 50.4 --- --- --- 27 
WCTI 0   390   31.45 55 9.8 12,850-14,630 
COC ---   ---   --- --- --- 27.9-21.6 
8/15/2014 
IWT Trace 13.52 305 561.6 43.8 76.7 9.86 16,228 
Hardness: Good agreement with IWT titration and WCTI. IWT ICP value was 
greater than the titration value. Possibly small suspended hardness solids 
were dissolved and measured by the ICP process and not measured by 
titration. Hardness was within WCTI target (30 mg/L). 
Silica: Satisfactory agreement between IWT lab test and WCTI, satisfactory 
levels. The IWT ICP test was greater due to measuring polysilicates.  
Tolytriazole/Benzotriazole: Acceptable agreement between IWT and WCTI 
tests and both were above the recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, 
satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC --- 75.1 33.9 72.9 --- --- --- 41.3 
WCTI 0   415   37.15 65 10 18,400 
COC ---   ---   --- --- --- 40.6 
9/19/2014 
IWT Trace 16.14 384 484.3 59.4 104 9.93 23,614 
Hardness: Good agreement with IWT titration and WCTI. IWT ICP value was 
greater than the titration value. Possibly small suspended hardness solids 
were dissolved and measured by the ICP process and not measured by 
titration. Hardness was within WCTI target (30 mg/L). 
Silica: Acceptable agreement between IWT lab and ICP test with the WCTI 
test, satisfactory levels.  
COC --- 52.1 38.4 62.1 --- --- --- 59.2 
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WCTI 0   435   28.55 50 10.1 27,450 
Tolytriazole/Benzotriazole: IWT levels higher than WCTI and both were 
above the recommended levels of 10-20 ppm.  
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, 
satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC ---   ---   --- --- --- 59.9 
10/16/2014 
IWT Trace 7.75 278 357.4 12.5 21.9 9.86 10,970 
Hardness: Good agreement with IWT titration and WCTI. IWT ICP value was 
greater than the titration value. Possibly small suspended hardness solids 
were dissolved and measured by the ICP process and not measured by 
titration. Hardness was within WCTI target (30 mg/L). 
Silica: Acceptable agreement between IWT lab and ICP test with the WCTI 
test, satisfactory levels.  
Tolytriazole/Benzotriazole: Good agreement between IWT and WCTI tests 
and both were at or near the recommended levels of 10-20 ppm. 
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, 
satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory levels. 
COC --- 25.8 39.7 45.2 --- --- --- 27.8 
WCTI 0   325   9.75 17 10 12,900 
COC ---   ---   --- --- --- 27.8 
11/8/2014 
IWT Trace 8.09 279 271.3 409.4 716.5 9.91 12,478 
Hardness: Good agreement with IWT titration and WCTI. IWT ICP value was 
greater than the titration value. Possibly small suspended hardness solids 
were dissolved and measured by the ICP process and not measured by 
titration. Hardness was within WCTI target (30 mg/L). 
Silica: Good agreement between IWT lab and ICP test with the WCTI test, 
satisfactory levels.  
Tolytriazole/Benzotriazole: Poor agreement between the IWT and WCTI test. 
Perhaps after the WCTI sample was tested and low (below the recommended 
level of 10-20 ppm), Tolytriazole was added and the IWT sample was 
collected, resulting in an extremely high level (409.4 ppm). 
Total Dissolved Solids (TDS): Poor agreement between IWT (12,478 mg/L) 
and WCTI (18,400 mg/L) values but satisfactory levels. 
Cycles of Concentration (COC): Poor agreement between IWT (31.6) and 
WCTI (40.0) values but satisfactory levels. 
COC --- 25.3 31 34.3 --- --- --- 31.6 
WCTI 0   270   8.65 15 10.1 18,400 
COC ---   ---   --- --- --- 40 
12/5/2014 
IWT Trace 2.34 194 166.6 3.1 5.4 9.54 3010 
Hardness: Good agreement with IWT titration and WCTI. IWT ICP value was 
slightly greater than the titration value. Possibly small suspended hardness 
solids were dissolved and measured by the ICP process and not measured by 
titration. Hardness was within WCTI target (30 mg/L). 
Silica: Acceptable agreement between IWT lab and ICP test with the WCTI 
test, satisfactory levels.  
Tolytriazole/Benzotriazole: IWT tests above WCTI tests and both were below 
the recommended levels of 10-20 ppm.  
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, 
levels extremely low because system was drained and recently refilled due to 
low outside temperature. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, levels extremely low because system was drained and recently refilled 
due to low outside temperature. 
COC --- 21.3 21.6 20.8 --- --- --- 7.2 
WCTI 0   150   05 0 9.7 3372 
COC ---   ---   --- --- --- 7.1 
3/14/2015 
IWT 6 8.05 240 439.9 150 262.5 9.67 10,316 
Hardness: The IWT titration and ICP value was slightly above the WCTI. 
Hardness was within WCTI target (30 mg/L). 
Silica: The IWT lab test was lower than the WCTI test but the ICP test was 
higher probably due to poly silicates. The silica level was satisfactory. 
Tolytriazole/Benzotriazole: IWT levels higher than WCTI and both were 
COC --- 61.9 30 54.3 --- --- --- 24 
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WCTI 0   385   575 100 10 11,500 
above the recommended levels of 10-20 ppm.  
Total Dissolved Solids (TDS): Good agreement between IWT and WCTI values, 
satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory, levels. 
COC ---   ---   --- --- --- 23.7 
4/10/2015 
IWT 16 14.03 346 453.5 3.1 5.4 9.87 21,210 
Hardness: The IWT titration and ICP value was slightly above the WCTI. 
Hardness was within WCTI target (30 mg/L). 
Silica: Good agreement between IWT lab test and WCTI, satisfactory levels. 
The IWT ICP test was greater due to measuring polysilicates.  
Tolytriazole/Benzotriazole: Good agreement between IWT and WCTI tests 
and both were below the recommended levels of 10-20 ppm. Tolytriazole was 
added to the system. 
Total Dissolved Solids (TDS): Satisfactory agreement between IWT and WCTI 
values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory, levels. 
COC --- 93.5 43.3 58.1 --- --- --- 49.6 
WCTI 0   345   2.95 5 10.1 25,000 
COC ---   ---   --- --- --- 52.1 
5/3/2015 
IWT 14 15.24 290 421.9 1 1.8 9.84 14,820 
Hardness: The IWT titration and ICP value was slightly above the WCTI. 
Hardness was within WCTI target (30 mg/L). 
Silica: Acceptable agreement between IWT ICP and   WCTI test, the IWT lab 
test was lower but the levels were satisfactory. 
Tolytriazole/Benzotriazole: Good agreement between IWT and WCTI tests 
and both were below the recommended levels of 10-20 ppm. Tolytriazole was 
added to the system. 
Total Dissolved Solids (TDS): Satisfactory agreement between IWT and WCTI 
values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory, levels. 
COC --- 80.2 36.3 54.1 --- --- --- 35 
WCTI 0   435   1.15 2 10 17,000 
COC ---   ---   --- --- --- 35.6 
5/29/2015 
IWT 25 20.16 376 476.1 78.1 136.7 9.94 30,730 
Hardness: The IWT titration and ICP value was slightly above the WCTI. 
Hardness was within WCTI target (30 mg/L). 
Silica: Good agreement between IWT lab test and WCTI, satisfactory levels. 
The IWT ICP test was greater due to measuring polysilicates.  
Tolytriazole/Benzotriazole: IWT levels higher than WCTI and both were 
above the recommended levels of 10-20 ppm.  
Total Dissolved Solids (TDS): Satisfactory agreement between IWT and WCTI 
values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory, levels. 
COC -- 9.5 47 57.4 --- --- --- 73.5 
WCTI 0   360   25.75 45 10.1 35,700 
COC ---   ---   --- --- --- 74.8 
7/10/2015 
IWT 20 14.16 368 441.8 6.3 11 9.98 23,272 
Hardness: The IWT titration and ICP value was slightly above the WCTI. 
Hardness was within WCTI target (30 mg/L). 
Silica: The IWT lab test was lower than the WCTI test but the ICP test was 
higher probably due to poly silicates. The silica level was satisfactory. 
Tolytriazole/Benzotriazole: IWT levels higher than WCTI and both were 
below the recommended levels of 10-20 ppm. Tolytriazole was added to the 
system. 
Total Dissolved Solids (TDS): Satisfactory agreement between IWT and WCTI 
values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory, levels. 
COC --- 37.2 36.8 55.2 --- --- --- 56.5 
WCTI 0   420   1.15 2 10.1 27,300 
COC ---   ---   --- --- --- 57.7 
8/1/2015 IWT 15 13.79 293 412.7 0 0 9.86 22,508 
Hardness: The IWT titration and ICP value was slightly above the WCTI. 
Hardness was within WCTI target (30 mg/L). 
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COC --- 46 48.8 52.9 --- --- --- 56.6 
Silica: Good agreement between IWT ICP and WCTI test, the IWT lab test was 
lower but the levels were satisfactory. 
Tolytriazole/Benzotriazole: IWT levels lower than WCTI and both were below 
the recommended levels of 10-20 ppm.  
Total Dissolved Solids (TDS): Satisfactory agreement between IWT and WCTI 
values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory, levels. 
WCTI 0   400   1.15 2 10 26,300 
COC ---   ---   --- --- --- 57.5 
9/2/2015 
IWT 18 16.29 338 329.3 1.5 2.6 9.83 16,192 
Hardness: The IWT titration and ICP value was slightly above the WCTI. 
Hardness was within WCTI target (30 mg/L). 
Silica: Acceptable agreement between IWT lab and ICP test with the WCTI 
test, satisfactory levels.  
Tolytriazole/Benzotriazole: Good agreement between IWT and WCTI tests 
and both were below the recommended levels of 10-20 ppm.  
Total Dissolved Solids (TDS): Satisfactory agreement between IWT and WCTI 
values, satisfactory levels. 
Cycles of Concentration (COC): Good agreement between IWT and WCTI 
values, satisfactory, levels. 
COC --- 31.9 37.6 42.2 --- --- --- 39.9 
WCTI 0   300   1.15 2 10 19,000 
COC ---   ---   --- --- --- 41.3 
IWT 1Field/Immediate Test. 2ICP. 3Lab Test. 4WCTI actually measured Benzotriazole and IWT Benzotriazole is 175% of Tolytriazole. 5Tolytriazole is calculated from Benzotriazole.  
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Table D-18: Average COC, Minooka G2: May 9, 2014 to September 2, 2015. 
Date 
M-Alkalinity1 
(as CaCO3) mg/L 
Chloride1 
(as Cl) mg/L 
Sulfate2 
(as SO4) mg/L 
Sodium2 
(as Na) mg/L 
Potassium2 
(as K) mg/L 
Boron2 
(as B) mg/L 
Total Phosphate2 
(as PO4) mg/L 
Total Phosphate3 
(as PO4) mg/L 
Total Dissolved 
Solids3 mg/L 
Conductivity1  
µS/cm 
Average 
COC* 
5/9/2014 12,300 1100 1779 8368 485 29.15 88.78 88.45 20,890 25,650 
 
COC 45.2 44 53.9 53.3 33.4 50.3 56.2 49.4 52.5 37.2 48.2 
7/11/2014 7600 740 918 4084 168.2 15.68 60.06 54.13 10,874 14,400 
 
COC 13.7 27.4 25.5 58.8 420.51 27 36 28.3 27 21.3 27.5 
8/15/2014 11,350 1150 1246 6038 251.6 22.49 80.67 76.33 16,228 22,500 
 
COC 41.1 46 40.2 39.2 39.3 38.8 50.1 41.5 41.3 33.9 40.9 
9/19/2014 15,800 1900 1832 8634 346.5 31.78 119.41 115.43 23,614 28,090 
 
COC 54.5 95 57.3 54.2 58.7 54.8 66 60.4 59.2 42.2 58.1 
10/16/2014 8000 900 899 4179 153 16.26 60.26 62.34 10,970 14,690 
 
COC 28.2 34.6 27.2 26.7 21.5 28 30.6 33.3 27.8 22 28 
11/8/2014 9100 1301 996 4808 170.2 17.52 60.74 59.7 12,478 16,380 
 
COC 35.3 4.81 30.2 29.3 25.4 30.2 34.3 30.2 31.6 24.2 30.2 
12/5/2014 2250 180 204 1201 54.1 4.24 12 15.12 3010 4447 
 
COC 7.9 7.5 5.8 7.1 6.5 7.1 6.2 7.3 7.2 6.5 6.9 
3/14/2015 6650 680 886 3848.9 140.3 13.28 43.01 45.42 10,316 13,430 
 
COC 24.2 21.9 23.3 23.3 23.1 22.9 27 23.5 24 18.9 23.3 
4/10/2015 14,200 1525 1845 8210.5 348.2 27.88 91.06 92.7 21,210 26,000 
 
COC 47.3 46.2 52.7 49.3 51.2 49.8 61.1 49 49.6 36.5 49.4 
5/3/2015 9700 1150 1262 5776.1 305 20.6 68.46 73.4 14,820 19,050 
 
COC 34 34.8 36.1 35 36.3 36.8 43.6 37.3 35 27.2 35.7 
5/29/2015 20,900 2350 2790 11,860.80 627 43.76 145.79 137.73 30,730 35,370 
 
COC 76 83.9 77.5 72.4 88.3 74.2 86.3 81 73.5 50.8 78.1 
7/10/2015 16,700 1550 1954 9039.9 482.1 33.54 117.3 108.21 23,272 27,930 
 
COC 58.6 59.6 59.2 57 51.8 58.8 67.4 58.5 56.5 40.9 57.5 
8/1/2015 16,000 1650 1959 8436.8 410.1 31.67 115.18 109.19 22,508 26,930 
 
COC 57.1 61.1 57.6 53.7 60.3 55.6 62.3 56.3 56.6 40 57.3 
9/2/2015 11,400 1000 1369 6337.8 281.2 23.36 80.3 76.01 16,192 20,390 
 
COC 40.7 43.5 41.5 39.3 37.5 41 49 41.3 39.9 28.9 40.5 
*Highest and lowest COC omitted in case of errors in analysis or sampling, TDS and Conductivity included. 1Extremely high value, omitted. 
 
 
122 
 
Table D-19: Hardness/Calcium Scaling and COC, Minooka G2: May 9, 2014 to September 2, 2015. 
Date 
Total Hardness1 
(as CaCO3) mg/L 
Total Hardness2 
(as CaCO3) mg/L 
Calcium  Hardness1,3 
(as CaCO3) mg/L 
Calcium  Hardness2 
(as CaCO3) mg/L 
Magnesium Hardness2 
(as CaCO3)mg/L 
Average 
COC * 
Notes 
5/9/2014 50 37.89 20 27.59 10.3  Total Hardness was high, titrated value higher than ICP value but Calcium Hardness was just the opposite. The Hardness COC 
(Softener = 0.35 mg/L-ICP) was higher than the average COC. This indicates that the average output of the softener was higher 
than the value tested. COC --- 106 --- 125.4 85.8 48.2 
7/11/2014 Trace 9.7   6.78 2.92  The ICP Total Hardness was higher than the titrated values. Possibly small suspended hardness solids were dissolved and 
measured by the ICP process and not measured by titration. The Hardness COC (Softener = 0.19 mg/L-ICP) was higher than the 
average COC. This indicates that the average output of the softener was higher than the value tested. COC --- 51.1   35.7 --- 27.5 
8/15/2014 Trace 13.52   10.25 3.27  The ICP Total Hardness was higher than the titrated values. Possibly small suspended hardness solids were dissolved and 
measured by the ICP process and not measured by titration. The Hardness COC (Softener = 0.18 mg/L-ICP) was higher than the 
average COC. This indicates that the average output of the softener was higher than the value tested. COC --- 75.1   56.9 --- 40.9 
9/19/2014 Trace 16.14   11.04 5.1  The ICP Total Hardness was higher than the titrated values. Possibly small suspended hardness solids were dissolved and 
measured by the ICP process and not measured by titration. The Hardness COC (Softener = 0.31 mg/L-ICP) was close to the 
average COC. COC --- 52.1   64.9 36.4 58.1 
10/16/2014 Trace 7.75   4.94 2.81  The ICP Total Hardness was higher than the titrated values. Possibly small suspended hardness solids were dissolved and 
measured by the ICP process and not measured by titration. The Hardness COC (Softener = 0.30 mg/L-ICP) was close to the 
average COC. COC   25.8   29.1 23.4 28 
11/8/2014 Trace 8.09   5.07 3.02  The ICP Total Hardness was higher than the titrated values. Possibly small suspended hardness solids were dissolved and 
measured by the ICP process and not measured by titration. The Hardness COC (Softener = 0.32 mg/L-ICP) was close to the 
average COC. COC --- 25.3   25.4 25.2 30.2 
12/5/2014 Trace 2.34   1.58 0.76  The ICP Total Hardness was higher than the titrated values. Possibly small suspended hardness solids were dissolved and 
measured by the ICP process and not measured by titration. The Hardness COC (Softener = 0.11 mg/L-ICP) was higher than the 
average COC. This indicates that the average output of the softener was higher than the value tested. COC --- 21.3   14.4 --- 6.9 
3/14/2015 6 8.05   5.77 2.28   Total Hardness was satisfactory and in good agreement with titrated and ICP values. The Hardness COC (Softener = 0.13 mg/L-
ICP) was higher than the average COC. This indicates that the average output of the softener was higher than the value tested. COC --- 61.9   44.4 --- 23.3 
4/10/2015 16 14.03   9.97 4.06  Total Hardness was satisfactory, with good agreement between titrated value and ICP value. The Hardness COC (Softener = 0.15 
mg/L-ICP) was higher than the average COC. This indicates that the average output of the softener was higher than the value 
tested. COC --- 93.5   66.5 --- 49.4 
5/3/2015 14 15.24   12.06 3.17  Total Hardness was satisfactory, with good agreement between titrated value and ICP value. The Hardness COC (Softener = 0.19 
mg/L-ICP) was higher than the average COC. This indicates that the average output of the softener was higher than the value 
tested. COC --- 80.2   63.5 --- 35.7 
5/29/2015 25 20.16   14.44 5.72  Total Hardness was satisfactory, with good agreement between titrated value and ICP value. The Hardness COC (Softener = 2.12 
mg/L-ICP) was lower than the average COC. This indicates that the average output of the softener was lower than the value 
tested. COC --- 9.5   13 5.7 78.1 
7/10/2015 20 14.12   10.52 3.64   Total Hardness was satisfactory, with good agreement between titrated value and ICP value. The Hardness COC (Softener = 0.38 
mg/L-ICP) was lower than the average COC. This indicates that the average output of the softener was lower than the value 
tested. COC --- 37.2   45.7 24.3 57.5 
8/1/2015 15 13.79   9.61 4.18  Total Hardness was satisfactory, with good agreement between titrated value and ICP value. The Hardness COC (Softener = 0.30 
mg/L-ICP) was slightly lower than the average COC. This indicates that the average output of the softener was lower than the 
value tested. COC --- 46   56.5 32.2 57.3 
9/2/2015 18 16.29   13.14 3.15  Total Hardness was satisfactory, with good agreement between titrated value and ICP value. The Hardness COC (Softener = 0.51 
mg/L-ICP) was slightly lower than the average COC. This indicates that the average output of the softener was lower than the 
value tested. COC --- 31.9   42.4 15.8 40.5 
*From overall COC. 1Lab titration. 2ICP (Acid Added). 3Low value due to interference. 
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Table D-20: Metals and COC, Minooka G2: Metals: May 9, 2014 to September 2, 2015. 
Date 
Iron2 
(as Fe) mg/L 
Copper2 
(as Cu) mg/L 
Zinc2 
(as Zn) mg/L 
Titanium2 
(as Ti) mg/L 
Aluminum2 
(as Al) mg/L 
Manganese2 
(as Mn) mg/L 
Lithium2 
(as Li) mg/L 
Average 
COC * 
Notes 
5/9/2014 3.26 0.83 0.56 0.04  0.05 0  
Iron was present in all samples at low COC, which indicated little or no corrosion. However, the May 9, 
2014 sample indicated possible corrosion because of the high value (3.26 mg/L) and high COC (25.1). 
Copper COC was above the average COC in the May 9, 2014 sample which indicated copper corrosion. 
Tolytriazole (the Copper corrosion inhibitor) was below (10 ppm) the recommended 20-40 ppm level. 
Tolytriazole was satisfactory in the other samples. The other samples COC were below the average COC. 
However, the September 19, 2014 sample had a significant amount of copper and high COC but lower 
than the average. This may indicate possible copper corrosion.  
Zinc COC was above the average COC in the May 9, 2014 sample which indicated zinc corrosion. Zinc was 
present in the July 11, 2014 and August 15, 2014 samples but the COC was below the average COC, which 
indicated little or no corrosion. 
Titanium was present in all but the September 19, 2014 sample but the COC was below the average COC, 
which indicated little or no corrosion. However, because Titanium was not present in the makeup water, 
slight corrosion may have been occurring. 
Manganese was present in all samples at low COC, which indicated little or no corrosion. 
Lithium was present in all but the May 9, 2014 sample at high COC, which indicated corrosion or a leak 
from an unknown source. 
COC 25.1 83 56.04 4.04   5.04 --- 48.2 
7/11/2014 0.68 0.27 0.05 0.01  0.03 0.35  
COC 6.18 6.8 2.5 1.04   3.04 35.04 27.5 
8/15/2014 1.59 0.23 0.15 0.01  0.04 0.51  
COC 12.2 11.5 15.04 1.04   4 51.04 40.9 
9/19/2014 0.31 0.42 0 0  0.02 0.63  
COC 2.4 42 --- ---   2.04 63.04 58.1 
10/16/2014 0.26 0.45 0 0  
  
 Iron was present in the October 16, 2014, December 5, 2014 and March 14, 2015 samples at low COC, 
which indicated little or no corrosion. 
Copper COC was above the average COC in the October 16, 2014 sample which indicated copper 
corrosion. Tolytriazole (the Copper corrosion inhibitor) was below (17 ppm) the recommended 20-40 ppm 
level. The November 8, 2014 and December 5, 2014 samples COC were below the average COC. However, 
Tolytriazole was low in both samples, 15 ppm and 0 ppm respectively. Copper was low with low COC in 
the March 14, 2015 sample and Tolytriazole was satisfactory at 150 ppm. 
Zinc was present in the December 5, 2014 sample at low COC, which indicated little or no corrosion. 
However, Zinc was present in the March 14, 2015 sample high at 0.40 mg/L with COC (40) above the 
average COC which indicates some corrosion. Silica was satisfactory. 
Titanium was present only in the December 5, 2014 sample at low COC, which indicated little or no 
corrosion. 
COC 1.5 45 --- ---   
  
28 
11/8/2014 0 0.03 0 0  
  
 
COC --- 1.5 --- ---   
  
30.2 
12/5/2014 0.13 0.34 0.08 0.01  
  
 
COC 1.6 4.3 2.7 1.04   
  
6.9 
3/14/2015 0.59 0.03 0.4 0.01   
  
  
COC 6.6 1.5 40 1.04   
  
23.3 
4/10/2015 0 2.27 0 
    
 Iron was only present in the May 3, 2015 sample at low COC, which indicated little or no corrosion. 
Copper COC was above the average COC in the April 10, May 3 and July 10, 2015 samples which indicated 
copper corrosion. Tolytriazole (the Copper corrosion inhibitor) was below (3.1 ppm, April 10, 2015, 1.0 
ppm, May 3, 2015 and 6.3 ppm, July 10, 2015) the recommended 20-40 ppm level. Tolytriazole was 
added. The May 29, 2015 sample COC was below the average COC, Tolytriazole was satisfactory at 78.1 
ppm. 
Zinc was only present in the May 5, 2015 samples but the COC was below the average COC, which 
indicated little or no corrosion. 
COC --- 113.5 --- 
    
49.4 
5/3/2015 0.91 2.48 0.12 
    
 
COC 8.2 82.7 6 
    
35.7 
5/29/2015 0 0.56 0 
    
 
COC --- 56 --- 
    
78.1 
7/10/2015 0 1.92 0 
    
  
COC --- 192 --- 
    
57.5 
8/1/2015 0.39 1.51 0 
 
0 0.02 
 
 
Iron was present in the August 1, 2015 samples at low COC, which indicated little or no corrosion. 
However, the iron in the September 2, 2015 sample the COC was slightly above the average COC which 
may indicate slight corrosion. 
Copper COC was greatly above the average COC in the August 1, 2015 sample which indicated copper 
corrosion. Tolytriazole (the Copper corrosion inhibitor) was below (0.0 ppm) the recommended 20-40 
ppm level. The September 2, 2015 sample COC was below the average COC. However, Tolytriazole was 
low at 1.5 ppm. 
Zinc was not present in either sample. 
Aluminum was only present in the September 2, 2015 at extremely high estimated COC, which indicated 
possible corrosion. 
Manganese was only present in the August 1, 2015 sample at low COC, which indicated little or no 
corrosion. 
COC 9.8 151 --- 
 
--- 2.04 
 
28 
9/2/2015 0.33 0.67 0 
 
1.67 0 
 
 
COC 33 11.2 --- 
 
167.04 --- 
 
30.2 
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Table D-21: Silica (SiO2, mg/L) Levels and IWT TDS COC, Minooka G2: May 9, 2014 to September 2, 2015. 
Date 
Silica 
IWT-Lab 
Silica 
IWT-ICP 
Silica 
WCTI 
COC WCTI System Service Reports 
5/9/2014 300 1115 390 52.5 5/9/14: 6 gallons of silica added in last 16 days. 6/19/14: 2.6 gallons of silica added in last 6 days (no IWT tests). 
7/11/2014 356 398.5 390 27 1.8 gallons of silica added in last 5 days. 
8/15/2014 305 561.6 415 41.3 4.1 gallons of silica added in last 5 days. 
9/19/2014 384 484.3 435 59.2 1.5 gallons of silica added in last 8 days. 
10/16/2015 278 357.4 325 27.8 1.1 gallons of silica added in last 6 days. 
11/8/2014 279 271.3 270 31.6 1.2 gallons of silica added in last 9 days.  
12/5/2014 194 166.6 150 7.2 2.2 gallons of silica added in last 13 days. 
3/14/2015 240 439.9 385 24 1.8 gallons of silica added in last 4 days. 
4/10/2015 346 453.5 345 49.6 2 gallons of silica added in last 7 days. 
5/3/2015 290 421.9 435 35 2 gallons of silica added in last 11 days. 
5/29/2015 376 476.1 360 73.5 0.5 gallons of silica added in last 7 days. 
7/10/2015 368 441.8 420 56.5 0 gallons of silica added. 
8/1/2015 293 412.7 400 56.6 0 gallons of silica added. 
9/2/2015 338 329.3 300 39.9 0 gallons of silica added. 
Silica Recommended Levels 200-400 mg/L and COC Recommended Levels >20COC (in Bold)  
 
 
 
Table D-22: Tolytriazole/Benzotriazole (ppm) Levels and IWT TDS Minooka G1: May 9, 2014 to September 2, 2015. 
Date Silica IWT-Lab Silica IWT-ICP Silica WCTI COC Notes 
5/9/2014 300 1115 390 52.5 5/9/14: Tolytriazole was added. 6/19/14: No tolytriazole was added. 
7/11/2014 356 398.5 390 27 No tolytriazole was added. 
8/15/2014 305 561.6 415 41.3 No tolytriazole was added. 
9/19/2014 384 484.3 435 59.2 No tolytriazole was added. 
10/16/2015 278 357.4 325 27.8 No tolytriazole was added. 
11/8/2014 279 271.3 270 31.6 11/10/14: Tolytriazole was added. 
12/5/2014 194 166.6 150 7.2 No tolytriazole was added. Levels are low because the system was drained and refilled. 
3/14/2015 240 439.9 385 24 Tolytriazole levels high because of recent addition. 
4/10/2015 346 453.5 345 49.6 Tolytriazole was added. 
5/3/2015 290 421.9 435 35 No tolytriazole was added. 
5/29/2015 376 476.1 360 73.5 No tolytriazole was added. 
7/10/2015 368 441.8 420 56.5 Tolytriazole was added. 
8/1/2015 293 412.7 400 56.6 No tolytriazole was added. 
9/2/2015 338 329.3 300 39.9 No tolytriazole was added. 
Tolytriazole Recommended Levels 10-20 ppm (in Bold) and COC Recommended Levels >20COC (in Bold). 1WCTI actually measured Benzotriazole and IWT Benzotriazole is 175% 
of Tolytriazole. 2Tolytriazole is calculated from Benzotriazole. 34/21/15. 4After WCTI tests Tolytriazole probably added then IWT sample was collected.  
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Figure D-13: Conductivity, TDS, & TDS COC of ZBD Minooka G2 Cooling Tower from May 2014 - September 
2015. 
 
 
 
 
Figure D-14: Silica & TDS COC of ZBD Minooka G2 Cooling Tower from May 2014 - September 2015. 
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Corrator Probe Corrosion Rates, Minooka G2 
The corrator probe corrosion measurements were performed through WCTI for stainless steel, mild steel, 
copper and aluminum (Table D-23). The corrator probe corrosion rates were excellent during the study period 
and before the study period (Table D-24). Mild steel corrosion was indicated before this study was started. 
 Stainless Steel: Little to no corrosion was indicated. Only slight corrosion rate was indicated in the June 
3, 2014, tests. 
 Mild Steel: Excellent general corrosion rate October 22, 2013, and March 26, 2014, pitting was not 
indicated. May 29, 2015, also had an excellent general corrosion rate with a slight tendency toward 
pitting. All other test indicated no corrosion (Figure D-15). Silica and TDS COC were satisfactory during 
the test period (Table D-21, Figure D-16). 
 Copper: All test indicated no corrosion (Table D-24, Figure D-17). Tolytriazole IWT (Table D-22) did not 
follow COC but was near or above the target of 10-20 ppm tolytriazole when the corrator test were 
performed (Figure D-18). 
 Aluminum: The March 26, 2014, test indicated a slight tendency toward general and pitting corrosion. 
The June 3, 2014, test indicated no corrosion.  
 
 
 
Table D-23: Minooka G2, Corrator Probe Corrosion Rates: October 26, 2013 to May 29, 2015. 
Date Measurement Stainless Steel Mild Steel Copper Aluminum 
10/22/13 Corrosion MPY1 0.00 0.47 0.00 --- 
Imbalance2 0.00 0.06 0.00 --- 
3/26/14 Corrosion MPY1 0.00 0.22 0.00 0.08 
Imbalance2 0.00 0.13 0.00 0.06 
6/3/14 Corrosion MPY1 0.01 0.00 0.00 0.00 
Imbalance2 0.00 0.00 0.00 0.00 
8/28/14 Corrosion MPY1 0.00 0.00 --- --- 
Imbalance2 0.00 0.00 --- --- 
5/29/15 Corrosion MPY1 0.00 0.13 0.00 --- 
Imbalance2 0.00 0.38 0.00 --- 
1MPY = mills per year, 2Imbalance indicates pitting tendency. It has been found empirically that when the imbalance reading is less 
than the corrosion rate reading or close to zero, corrosion is general corrosion with insignificant pitting. If the imbalance becomes 
more erratic and similar to or greater than the corrosion rate value, this is indicative of increased pitting. If the imbalance is up to 
ten times greater than the corrosion rate or very erratic this is indicative of a significant pitting which should be verified by visual 
inspection of the probe electrodes. 
 
 
 
Table D-24: Corrosion Coupon Corrosion Rates for Cooling Towers. 
Description Mild Steel-MPY Copper-MPY Stainless Steel -MPY Aluminum 
Excellent < 0.50 <0.10 <0.03 <0.5 
Very Good 0.50 to 0.99 0.10 to 0.19 0.04 to 0.06  
Good 1.00 to 1.99 0.20 to 0.29 0.07 to 0.10 0.5-1.9 
Moderate to Fair 2.00 to 2.99 0.30 to 0.49 0.11 to 0.14 2.0-4.9 
Poor 3.00 to 5.00 0.50 to 1.00 0.15 to 0.20 5.0-10.0 
Very Poor to Severe > 5.00 > 1.00 >0.20 >10.0 
1MPY = mills per year 
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Figure D-15: Mild Steel of ZBD Minooka G2 Cooling Tower from May 2014 - September 2015. 
 
 
 
 
Figure D-16: Mild Steel, Silica, & TDS COC of ZBD Minooka G2 Cooling Tower from May 2014 - September 
2015. 
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Figure D-17: Copper Corrosion of ZBD Minooka G2 Cooling Tower from May 2014 - September 2015. 
 
 
 
 
Figure D-18: Copper Corrosion, Triazole & TDS COC of ZBD Minooka G2 Cooling Tower from May 2014 - 
September 2015. 
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Biological, G2 
Chlorine, pH, ATP, fungi, aerobic bacteria and Legionella were tested on all cooling tower samples (Table D-
25). pH between 9.7 and 10.0 was needed to reduce biological growth. According to the WCTI system service 
reports, biocide (Belicide 355) was added throughout the season, only on June 19, October16, and November 
8, 2014, July 10 and August 1, 2015. 
 
Chlorine, G2 
Only a small amount of chlorine was present, presumably left over from the cold distribution chlorine. No 
supplemental chlorine was added. 
 
pH, G2 
A pH of 9.7 to 10.0 needs to be maintained to reduce or eliminate bacteria growth. pH follows TDS/COC and 
the target for COC was 20 COC as a minimum. To achieve pH 9.7 or greater the COC ranged from 28 to 74, the 
TDS range was 10,970 to 30,730 mg/L. COC, TDS and pH were low, June 19, 2014 (5.9 COC,  2,780 mg/L TDS 
and pH 9.5), due to excessive blow down,  December 5, 2014 (7.2 COC, 3,010 mg/L TDS and pH 9.54),  when 
the tower was off and on line due to cool weather and March 14, 2015 (24 COC, 10,316 mg/L TDS and pH 
9.67), because it was recently brought  on line. The pH was in the recommended level 80 % of the time. 
 
ATP, G2  
ATP total was used May 9 and July 11, 2014 and after that the Living ATP was used. ATP had great variation 
and ranged from 0 to 428,228 RLU (Figure D-19, D-20 and D-23). Poor readings comprise 72% of the samples 
and 28% were good or better (Table D-26). During the course of the study (September 2, 2015) the AMSA ATP 
meter was replaced with the less sensitive Hygiena ATP Meter. This results in about a 90% reduction in RLU 
compared to the old AMSA meter. The equivalent old AMSA Meter reading was calculated from the Hygienia 
value. 
 
The ATP values indicated excellent to extremely poor control (Figure D-19). Excellent and good ATP values 
occurred 28% of the time when the COC was high but only 0% of the time when COC was low. The 1 sample 
tested at low COC had the highest ATP values from this site, extremely high ATP indicating extremely poor 
control. This indicates that the high conductivity/TDS/COC/pH depresses biological growth to some degree 
(Figure D-20). 
 
Fungi, G2 
No fungi should be present in a tower that is under good biological control. Some fungi are slower growing 
than others so the media was examined after 2-5 days as well as 10-15 days. Fungi were found in 3 of the 12 
samples tested.  
 
Aerobic Bacteria, G2 
In general longer incubation times resulted in higher values regardless of the test. Bacteria ranged from 0 to 
10,000,000 CFU/mL (Figure D-21). The bacteria values indicated excellent to extremely poor control. Excellent 
and good ATP values occurred 33% of the time when the COC was high but only 3% of the time when COC was 
low (Table D-27). This indicates that the high conductivity/TDS/COC/pH depresses biological growth to some 
degree (Figure D-22). 
 
Legionella, Phigenics PVT Test, G2 
Legionella was not found in any of the samples. 
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Table D-25: Cooling Tower, Biological, Minooka G2: May 9, 2014 to September 2, 2015. 
Date 5/9/14 6/19/14 7/11/14 8/15/14 9/19/14 10/16/14 11/8/14 12/5/14 3/14/15 4/10/15 5/3/15 5/29/15 7/10/15 8/1/15 9/2/15 
Free Cl21  ppm   <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Total Cl21 ppm   <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
                
pH 9.84 9.53 9.85 9.86 9.93 9.86 9.91 9.54 9.67 9.87 9.84 9.94 9.98 9.86 9.83 
Notes pH was 
within 
(9.84) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
WCTI 
Only: pH 
was 
below 
(9.5) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was not 
expected. 
pH was 
within 
(9.85) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.86) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.93) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.86) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.91) of 
the target 
of pH 9.7 
to 10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
below 
(9.54) of 
the target 
of pH 9.7 
to 10.0 so 
reduction 
of 
biological 
growth 
was not 
expected. 
pH was 
below 
(9.67) of 
the target 
of pH 9.7 
to 10.0 so 
reduction 
of 
biological 
growth 
was not 
expected. 
pH was 
within 
(9.87) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.84) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.94) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.98) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within 
(9.86) the 
target of 
pH 9.7 to 
10.0 so 
reduction 
of 
biological 
growth 
was 
expected. 
pH was 
within (9.83) 
the target of 
pH 9.7 to 
10.0 so 
reduction of 
biological 
growth was 
expected. 
                
Total ATP1 RLU (Ultrasnap) 0  48,711 71,455            
Total ATP1 RLU    71,919 3662 526,834 21,108 883,317 118,966 1144 3059 9092 3651 3975 1065 [4720] 
Free (Dead) ATP1 RLU (Percent)    14,722 
(20%) 
982 (27%) 194,445 
(37%) 
12,416 
(59%) 
455,089 
(52%) 
33,483 
(28%) 
12 (1%) 3711 
(100%) 
1050 
(12%) 
262 (7%) 4384 
(100%) 
575 (54%) 
[729] 
Living ATP1,4 RLU (Percent)    57,197 
(80%) 
2680 (73%) 332,389 
(63%) 
8692 (41%) 428,228 
(48%) 
85,483 
(72%) 
1132 (99%) -659 (0%) 8042 
(88%) 
3389 (93%) -409 (0%) 495 (46%) 
[604] 
Notes The low 
Total ATP 
indicated 
Excellent 
Control. 
WCTI 
sample 
only. 
Total ATP 
(Ultrasnap) 
was very 
high which 
indicated 
Extremely 
Poor 
Control. 
There was 
good 
agreement 
between 
the 
Ultrasnap 
and Total 
ATP. Total 
ATP was 
very high 
indicating 
Extremely 
Poor 
Control 
and 80% of 
the ATP 
(57,197 
RLU) was 
from living 
cells.  
The Total 
ATP was 
slightly 
high 
indicating 
Poor 
Control 
and 73% of 
the ATP 
(2680 RLU) 
was from 
living cells. 
The Total 
ATP was 
very high 
indicating 
Extremely 
Poor 
Control 
and 63% of 
the ATP 
(332,389 
RLU) was 
from living 
cells. 
The Total 
ATP was 
high 
indicating 
Poor 
Control but 
59% of the 
ATP 
(12,416 
RLU) was 
from dead 
cells. 
The Total 
ATP was 
extremely 
high 
indicating 
Extremely 
Poor 
Control 
and 52% of 
the ATP 
(455,089 
RLU) was 
from dead 
cells. 
The Total 
ATP was 
very high 
indicating 
Extremely 
Poor 
Control 
and 72% of 
the ATP 
(85,483 
RLU) was 
from living 
cells. 
The Total 
ATP was 
slightly 
high 
indicating 
Poor 
Control 
and 99% of 
the ATP 
(1132 RLU) 
was from 
living cells. 
The Total 
ATP was 
slightly 
high 
indicating 
Poor 
Control but 
100% of 
the ATP 
(3711 RLU) 
was from 
dead cells. 
The Total 
ATP was 
high 
indicating 
Poor 
Control 
and 88% 
of the 
ATP 
(8042 
RLU) was 
from 
living 
cells. 
The Total 
ATP was 
high 
indicating 
Poor 
Control 
and 93% of 
the ATP 
(3389 RLU) 
was from 
living cells. 
The Total 
ATP was 
slightly 
high 
indicating 
Poor 
Control 
but 100% 
of the 
ATP (4384 
RLU) was 
from 
dead 
cells. 
The Total 
ATP was 
slightly high 
indicating 
Poor Control 
but 46% of 
the ATP (49 
RLU) was 
from living 
cells, which 
indicated 
Good 
Control. 
                
Fungi1 CFU/mL (2-5 days)    <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 1000 
Fungi1 CFU/mL (10-15 days)    <10 <10 <10 <10 <10 <10 60,000 <10 <10 <10 >100,000 1000 
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Notes          The sample 
initially did 
not have 
fungi 
growth but 
after 10-15 
days, fungi 
was High 
at 60,000 
CFU/mL. 
   The 
sample 
initially 
did not 
have 
fungi 
growth 
but after 
10-15 
days, 
fungi was 
Extremely 
High at 
>100,000 
CFU/mL. 
Both the 
initial (2-5 
days) and 
final (10-15 
days) had 
somewhat 
high fungi at 
1000 
CFU/mL. 
                
Aerobic Bacteria1 CFU/mL (2-5 days)    10,000 10,000 <100 100 40 100 10,000,000 10,000 1000 5000 50 1,000,000 
Aerobic Bacteria1 CFU/mL (10-15 
days) 
  100,000 1,000,000 100,000 600 10,000,000 100,000 10,000,000 10,000,000 100,000 10,000 1,000,000 100,000 1,000,000 
Aerobic Bacteria2 CFU/mL (6-8 days)    100,000 10,000,000 <100 100,000 10,000,000 10,000,000 1,000,000 1,000,000 100,000 10,000,000 1,000,000 1,000,000 
Aerobic Bacteria3 CFU/mL (2 days) <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 <10,000 
Notes Only 
tested by 
WCTI, 
which 
indicated 
Excellent 
Control. 
Only 
tested by 
WCTI, 
which 
indicated 
Excellent 
Control. 
IWT 
indicated 
Poor 
Control. 
The IWT 
(2-5 days) 
indicated 
Good 
Control but 
the IWT 
(10-15 
days) 
indicated 
Extremely 
Poor 
Control 
and the 
PVT test 
indicated 
Poor 
Control.  
The IWT 
(2-5 days) 
indicated 
Good 
Control 
and the 
IWT (10-15 
days) 
indicated 
Poor 
Control 
and the 
PVT test 
indicated 
Extremely 
Poor 
Control. 
All bacteria 
tests 
indicated 
Excellent 
Control. 
The IWT 
(2-5 days) 
indicated 
Excellent 
Control but 
the IWT 
(10-15 
days) 
indicated 
Extremely 
Poor 
Control 
and PVT 
indicated 
Poor 
Control.  
The IWT 
(2-5 days) 
indicated 
Excellent 
Control but 
the IWT 
(10-15 
days) 
indicated 
Poor 
Control 
and PVT 
test 
indicated 
Extremely 
Poor 
Control.  
The IWT 
(2-5 days) 
indicated 
Excellent 
Control but 
the IWT 
(10-15 
days) and 
PVT 
indicated 
Extremely 
Poor 
Control.  
The IWT 
(2-5 days) 
and (10-15 
days) and 
PVT tests 
indicated 
Extremely 
Poor 
Control. 
The IWT 
(2-5 days) 
indicated 
Good 
Control 
and the 
IWT (10-15 
days) 
indicated 
Poor 
Control 
and the 
PVT test 
indicated 
Extremely 
Poor 
Control. 
The IWT 
(2-5 
days) 
indicated 
Excellent 
Control 
and the 
IWT (10-
15 days) 
indicated 
Good 
Control 
and the 
PVT test 
indicated 
Poor 
Control. 
The IWT 
(2-5 days) 
indicated 
Excellent 
Control but 
the IWT 
(10-15 
days) and 
PVT 
indicated 
Extremely 
Poor 
Control.  
The IWT 
(2-5 days) 
indicated 
Excellent 
Control 
but the 
IWT (10-
15 days) 
indicated 
Poor 
Control 
and PVT 
test 
indicated 
Extremely 
Poor 
Control.  
The IWT (2-
5 days) and 
(10-15 days) 
and PVT 
tests 
indicated 
Extremely 
Poor 
Control. 
                
Legionella2 CFU/mL                
    L. pneumophila (serogroup 1)    0 0 0 0 0 0 0 0 0 0   
    L. pneumophila (serogroup 2-14)    0 0 0 0 0 0 0 0 0 0   
    L. species    0 0 0 0 0 0 0 0 0 0   
 1Field/Immediate Test. 2Phigenics PVI Test. 3WCTI Test. 4Calculated. 5New ATP Meter, less sensitive. 6Old AMSA meter equivalent. 
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Table D-26: ATP and COC, G2. 
ATP Excellent Percent Good Percent Poor  Percent Extremely Poor Percent 
COC <20 0 0% 0 0% 0 0% 1 7 % 
COC >20 3 21% 1 7% 5 36% 4 29% 
Total 3 21% 1 7% 5 36% 5 36% 
 
 
 
 
Figure D-19: ATP of ZBD Minooka G2 Cooling Tower from May 2014 - September 2015. 
 
 
 
 
Figure D-20: ATP & TDS COC of ZBD Minooka G2 Cooling Tower from May 2014 - September 2015. 
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Table D-27: Bacteria and COC, Minooka G2. 
Testing Excellent Percent Good Percent Fair Percent Poor Percent Extremely 
Poor 
Percent 
<20 COC 
2-5 Days1 1 3%         
6-8 Days2         1 3% 
10-15 Days1       1 3%   
Total 1 3%     1 3% 1 3% 
>20 COC 
2-5 Days1 6 16% 3 8%     2 5% 
6-8 Days2 1 3%     2 5% 7 19% 
10-15 Days1 1 3% 1 3%   4 11% 6 16% 
Total 8 22% 4 11%   6 16% 15 41% 
Total 
2-5 Days1 7 19% 3 8%     2 5% 
6-8 Days2 1 3%     3 8% 8 22% 
10-15 Days1 1 3% 1 3%   5 14% 6 16% 
Total 9 24% 4 11%   8 22% 16 43% 
1IWT, 2Phigenics 
 
 
 
 
Figure D-21: Bacteria of ZBD Minooka G2 Cooling Tower from July 2014 - September 2015. 
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Figure D-22: Bacteria & TDS COC of ZBD Minooka G2 Cooling Tower from May 2014 - September 2015. 
 
 
 
 
Figure D-23: ATP & Bacteria of ZBD Minooka G2 Cooling Tower from May 2014 - September 2015. 
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Water Usage, G2 
This tower operated relatively consistently at 1.9-3.2 GPM from May to October (Table D-28). November to 
March GPM was lower which can be expected due to low temperature. The COC roughly follows the inverse of 
the water usage (Figure D-24). This tower operated under steady (1.9-3.2 GPM) but less load than the G1 
tower. 
 
 
 
Table D-28: Minooka G2 Water Usage May 9, 2014 to September 2, 2015, Zero Blowdown 
Date Meter Reading Gallons Days GPD GPM 
5/9/2014 255,930 47,138 16 2,946 2.0 
6/19/2014 412,637 156,707 41 3,822 2.7 
7/11/2014 495,306 82,669 22 3,758 2.6 
8/15/2014 641,288 145,982 35 4,171 2.9 
9/19/2014 771,481 130,193 35 3,720 2.6 
10/16/2014 844,230 72,749 27 2,694 1.9 
11/8/2014 861,747 17,517 23 762 0.5 
12/5/2014 909,790 48,043 27 1,779 1.2 
3/14/2015 955,023 45,233 99 457 0.3 
4/10/2015 1,002,824 47,801 27 1,770 1.2 
5/3/2015 1,098,683 95,859 23 4,168 2.9 
5/29/2015 1,195,147 96,464 26 3,710 2.6 
7/10/2015 1,370,807 175,660 42 4,182 2.9 
8/1/2015 1,469,586 98,779 22 4,490 3.1 
9/2/2015 1,617,140 147,554 32 4,611 3.2 
Total  1,408,348  
Note: 12/5/2014, System drained and refilled due to cold outside temperature. 3/14/2015, System restarted 3/9/2015 
 
 
 
 
 
Figure D-24: Water Usage &  TDS COC of ZBD Minooka G2 Cooling Tower from May 2014 - September 2015. 
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Appendix E 
 
WCTI Technology 
 
WCTI TECHNOLOGY IS BASED ON MAINTAINING THE FOLLOWING METHOD USE CONTROLS & SERVICE 
MONITORING:  
• Pre-treatment system specification & operation:  
< 0.5 mg/l average total hardness in makeup to cooling tower  
<1.0 NTU average turbidity prior to HES (high efficiency softener)  
• Tower system water specification:  
< 30.0 mg/l hardness  
> 9.0 pH, Preferred 9.7 to 10  
> 200 mg/l silica, Preferred 300+ mg/L  
> 10,000 conductivity (if tower operating system and environmental conditions permit)  
 
Performance Goals (reached when specifications are met and maintained);  
 Clean heat exchanger surfaces  
 Corrosions rates; A. Less than 0.5 mils/year on steel (generally less than 0.2 mpy)  
 Less than 0.3 mils/year on copper (generally less than 0.1 mpy)  
 Low aerobic bio-growth in wetted areas (generally less than 10
3 
CFU/ml)  
 Zero Tower Bleed at designed specifications (to maximize water conservation and minimize discharge 
of chemical products to sewers)  
 Optimum WCTI chemistry control ranges should be determined for each site based on performance 
evaluations and equipment inspections, as source water quality and operating conditions at each site 
will impact performance and control requirements.  
 The WCTI Distributor warrants that these performance goals will be met with adherence to WCTI 
specifications and guidelines outlined as Customer and Distributor requirements. 
WCTI Specifications - Cooling Tower Water Treatment and HES Pre-treatment  
A. Water Conservation Technology International Program - Open cooling systems and condenser water shall 
have the following water qualities (patented methods): Control chemistry ranges required must be based on 
site performance evaluations and equipment inspections, which may be impacted by source water quality and 
operating conditions.  
1. Makeup: Water shall be soft per WCTI HES equipment specifications in “B.” below.  
2. Hardness: Maintain a level below 30 mg/l total hardness as CaCO
3
.  
3. Silica: Maintain residual greater than 200 mg/l as SiO
2 
(preferred 300+).  
4. pH: Maintain a value greater than 9.0 and less than 10 (preferred 9.7 to 10).  
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5. TDS: Maintain a value greater than 5,000 mg/l (preferred greater than 20,000).  
6. Zero Blowdown: Operate condenser water system approaching zero blowdown.  
7. Microbiological Limits: a) Total Aerobic Plate Count: Maintain maximum of 1,000 organisms/ml. b) 
Total Anaerobic Plate Count: Maintain maximum of 100 CFU/ml.  
B. HES Equipment Design and Performance Specifications for WCTI Cooling Tower Water Treatment: 
Description of Performance requirements for WCTI Process:  
1. Produce makeup water quality required to control at less than 30 mg/L TH (total hardness) in 
cooling tower systems operating at 100 makeup concentrations (100 COC) as required for WCTI 
technology to optimize water use reduction, discharge reduction (to less than 2% of treated flow) 
and tower water chemistry that insures corrosion, scale and biological control to WCTI performance 
standards.  
2. Produce required makeup quality using 4# salt/CF resin, and salt use efficiency of 4500 grains 
hardness exchange per pound of salt (salt increases above 500 mg/L TDS).  
3. Redundant exchange capacity, proprietary design and operation methods used by WCTI to assure 
continuous soft water and low hardness leakage when pre-treating high hardness or high TDS 
source water. Design minimum of five hours service run per vessel to allow proactive corrective 
actions to avert potential hardness overruns.  
4. Continuous remote online monitoring and analysis of regeneration performance (elution studies), 
pressure, water use and flow, and power loss for source waters with greater than 25 mg/L TH. 
Alarm conditions will be emailed to WCTI distributor service specialists and customer staff on 
occurrence to enable proactive response.  
5. Provide resin service ports with exchange tank construction to facilitate resin service, cleaning and 
replacement without equipment downtime (between service runs).  
6. One year warranty on all factory part defects, provided through licensed distributors only. No 
charge for continuing manufacturer technical support by phone through the licensed distributor and 
distributor service staff. 
 
The following (from WCTI website) will be the responsibility of the WCTI distributor and customer which will 
be independent of the IWT analysis. 
 
Distibutor - Performance Requirements 
 Distributor shall be responsible for and have expertise to perform the following services during an 
expected visit frequency of once a month: 
 Provide HES, RPA and HEF pre-treatment system installation and start up assistance. Provide 
commissioning of HES, RPA and HEF operation and communications. 
 Provide customer training at start up and continue as required, for recommended program testing and 
control procedures. Develop testing log sheets for customer recording of test results, observations and 
actions taken. 
 Troubleshoot, as needed, and correct pre-treatment system operation deficiencies. 
 Review daily RPA auto generated 24 hour summary reports for performance anomalies, and respond to 
RPA control alarms with contact and instruction of site staff to insure proactive corrective actions are 
taken to avert performance impact or water wastage. 
 Apply biocides, silica and alkalinity chemicals when sufficient make-up chemistry is not attainable 
during start-up transition. Azoles may be used in some systems for copper inhibition. 
 Sample and test source water TDS and hardness, pre-treatment system hardness, tower system 
hardness and tower TDS, silica and pH at least once per month 
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 Review customer site testing results and operation logs for pre-treatment system and cooling tower 
water, and retain copy of logs for file. 
 Analyze source water hardness monthly and provide adjustments to regeneration programming and 
regenerate usage to optimize gallons of water produced per regeneration / service run as specified for 
WCTI proprietary equipment design and configuration. Frequent optimizations may be required with 
significant variation in source water in order to meet HES output quality specifications. 
 Provide recommendations to correct mechanical conditions causing tower overflow, tower leaks or 
excessive splash and drift that lead to excessive water loss and treatment control issues. 
 Document service visit test results, actions, corrections and recommendations in visit report to 
 Customer and retain copy for files. 
 Provide corrosion coupon corrosion evaluations and on site biological testing (dip sticks) as required to 
demonstrate treatment performance. 
 Monthly program fees will include normal equipment repairs and maintenance, and minor wear parts 
for pre-treatment units – does not include salt, resin or filter media replacement. 
 WCTI distributors are required to meet license agreement payment terms for purchases of equipment 
and monthly method use royalties for licensing of customer application. 
 
Customer – Performance Requirements 
 Customer to test daily for HES and tower hardness, and take actions to support HES and HEF operation; 
Hardness and other test data should be logged daily, along with salt consumption. 
 Customer to maintain salt supply levels sufficient to maintain HES pre-treatment equipment 
performance to maintain total hardness < 30 mg/L in tower water. Tower bleed should be implemented 
when hardness exceeds 30 mg/L. 
 Customer to inform distributor of all anomalies in order to help prevent system upsets 
 Customer to monitor pre-treatment HEF filter flows when this equipment is required due to inferior 
source water quality. Customer will inform distributor of HEF problems. 
 Monitor total system water use to insure uncontrolled wastage is avoided. 
 Respond proactively to upset conditions detected by RPA monitoring system alarms and/or distributor 
corrective recommendations to avert system performance impact or water wastage. 
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Appendix F 
 
Suggested Reading 
 
Published Papers & Presentations Supplied as read only PDF documents (from WCTI)   
 CONRAD 2007 - Water Use and Discharge Minimization Using Silica / ZLD Approach in Towers  
 AIST 2007 - Presentation "Zero Liquid Discharge Cooling Tower Treatment at CSI"  
 AIST 2007 - Conference Paper "Zero Liquid Discharge Cooling Tower Treatment at CSI" 
 AIST 2008 - April 2008 I&ST Article "Zero Liquid Discharge Cooling Tower Treatment at CSI"  
 Anderson1_2007 - "The Effects Of pH And TDS On Bacteria, Viruses, And Spores In Water" 
 Anderson2_2007 - "Review Of Potential PM Emissions From Cooling Tower Drift When Operating At Zero Tower Discharge"  
 Anderson3_2011 - "Alternative PM10 Estimation Methods For Cooling Tower Air Permit Applications"  
 ACS-GC&EC 2009 Pres #69355 "Sustainable Natural Green Chemistry (NGC) for Cooling Towers" 
 INTERNATIONAL WATER CONFERENCE - Report 07-11 "ZLD; New Technology for Cooling Towers" 
 INTERNATIONAL WATER CONFERENCE - Presentation 07-11 "ZLD; New Technology for Towers" 
 California Sustainability Alliance - The Role of Recycled Water in Energy Efficiency 
 WateReuse CA2009 - Mar 09 Pres; Recycled Water use in Cooling Towers / Green technology 
 WateReuse 24th - Paper; Recycled Water use in Cooling Towers / Green technology 
 WateReuse 24th - Sept 09 Pres; Recycled Water use in Cooling Towers / Green technology 
 WateReuse CA2012 - Paper; RBF - Bowden - "Going Green, Recycled Water use in Cooling Towers" 
 WateReuse CA2012 - Mar 2012 Pres - RBF - Bowden -"A BioTech Firm's Story" 
 WateReuse CA2012 - Mar 2012 Pres - MEGAWATT Consulting - Mares -"Where's My Watery" 
 MEGAWATT Consulting 2012 - Mares Blog -"How to Save Water Costs in Your Data Center" 
 WateReuse IWRSC2013 - DEC 2013 Pres - RBF - Bowden -"Operational Update on Innovative Technology" 
 WateReuse IWRSC2013 - DEC 2013 Pres - City of Austin - Pedersen - "High Efficiency Softening for Cooling Towers" 
 BOEING FRONTIERS - SSG - Oct 09 - Cooling Tower Water Conservation (Internal Publication) 
 The Republic, Columbus IN - "Cummins Saves Big With new water System", May 27, 2012 (News Publication) 
 WCTI - Technical Bulletin 
 WCTI - Technology Brochure 
 WCTI - RPA (Regeneration Performance Analysis) Bulletin 
 WCTI - Poster - BlueTech 2010 - Artemis Top 50 
 WCTI - Artemis Top 50 Award Press Release  
©NACE International, www.nace.org 
All rights reserved. Papers 07626, 08369, 08372, 09444 reproduced with permission from 
CORROSION 2007, 2008, 2009 Annual Conference and Exhibitions.  
 NACE_2009_Paper_No_09444_CMAS Real Time Study_Copper_NH3.pdf 
 NACE_2009_Pres_No_09444_CMAS Real Time Study_Copper_NH3.pdf 
 NACE_2008_Paper_No_08372_Copper_NH3.pdf 
 NACE_2008_Paper_No_08369_ZLD_CSI.pdf 
 NACE_2007_Paper_No_07626_Silica Inhibitor.pdf 
 NACE_2008_Pres_TEG096X_(Paper 08372)_Copper_NH3.pdf 
 NACE_2008_Pres_TEG096X_(Paper 08369)_ZLD_CSI.pdf 
 NACE_2007_Pres_TEG253X_(Paper 07626).pdf 
 NACE_2007_Pres_TEG095X_Inhibitors High-Temperature.pdf 
 NACE_2007_Pres_TEG316X_Silica Inhibitor Electrochemical Studies Workshop.pdf 
 NACE_2006_Pres_TEG096X_Aqueous Discharge Minimization.pdf 
 SU8057738_Patent   US7955553_Patent  US7708939_Patent   US7517493_Patent US7127148_Patent   US6998092_Patent   
US6949193_Patent  US6929749_Patent EP1704123_Europe  CA2547907_Canada  IA249812_India      AU070840_Australia 
140 
 
Appendix G 
 
IWT Project Quality Assurance Plan 
 
Evaluation of Zero Blowdown Cooling Towers with Soft Water Makeup 
Cooling towers use a significant amount of water due, to cooling evaporation (a constant) and makeup water. 
Makeup water replaces the evaporated water and the blowdown water. Blowdown removes the concentrated 
minerals in the water to prevent scaling on the tower fill and chiller tubes.  
 
Traditional chemical treatment requires significant blowdown (and resulting makeup water) and the cost/ 
handling of inhibitor chemicals and toxic biocides. 
 
The Water Conservation Technology International (WCTI) zero blowdown, soft water makeup cooling tower 
operating system will be tested in 2 different manners:  
1. Three systems that currently use this technology, year around. 
2. State Regional Office Building (ROB), Champaign.  
a. 2014 July-October: Current operation for a baseline of water usage and testing. 
b. 2015 April-October: Operation using the installed WCTI System.  
i. The WCTI will be installed by March 2015. 
We will determine how well the WCTI technology addresses the issues of water conservation, scale formation, 
corrosion, biofouling and overall economy compared to traditional chemical treatment.  
 
The economic suitability and performance of this system will be analyzed, to determine the criteria for 
currently operating cooling towers that would be good candidates for this technology. 
 
Project Design 
The following testing and analysis will be used to determine the performance of the WCTI technology: 
1.  Water usage will be determined over the test period as well as by examining historical data. 
2. Monthly collection of Cold Distribution, Soft and Cooling Tower Water. 
a. Analysis of all samples for: P & m alkalinity; chloride; total and calcium hardness;  metals that 
can be determined by inductively coupled plasma (ICP) (calcium, magnesium, sulfate,  iron, 
copper, zinc, chromium, molybdenum, aluminum, sodium, total phosphate, boron, silica, 
potassium, lithium,  tin, lead, manganese, strontium, nickel, antimony, barium, titanium, 
vanadium, cobalt, cadmium, selenium, beryllium, arsenic and thallium); turbidity; free & total 
chlorine,  various forms of  phosphate {total phosphate and inorganic phosphate [which is used 
to determine organic phosphate (phosphonate) polyphosphate] and orthophosphate}; 
ammonia; turbidity; ph; total dissolved solids (TDS); total suspended solids (TSS); and 
conductivity. 
b. Additional tests performed on cooling tower/evaporative condensers. 
i.  Polymer, azole, ATP, total aerobic bacteria, fungi and Legionella. 
2. Daily testing (M-F) for the ROB Champaign 2015, WCTI installation. 
a. Samples tested: Cold distribution, soft and cooling tower water 
i. Total hardness, pH, and conductivity. 
ii. Once a week silica will be tested (softener and cooling tower). 
3. Corrosion coupon rack will be installed at the ROB Champaign location. 
1. Copper and mild steel coupons (2 each). 
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2. Corrosion rates measured in mils per year (MPY). 
3. Duration of tests. 
a. Current conditions 2014  
i. 2 weeks 
ii. 30 days 
iii. As long as system is running (60-90 days). 
b. 2015 WCTI softener installed. 
i. 2 weeks 
ii. 30 days 
iii. As long as corrosion coupons were installed in FY 14. 
iv. As long as tower is in operation (April-October). 
 
Specific Objectives 
1. Testing sites existing and new. 
a. Currently using WCTI technology. 
i. Minooka cold storage condenser systems. 
1. A larger building that is currently operating at about 50 COC 
 with a conductivity of 31,000 µS/cm. 
2. A smaller building that is currently operating at about 20 COC 
 with a conductivity of 15,000 µS/cm. 
ii. Chicago Data Center 
1. Operating at about 80 COC with a conductivity of 24,000 µS/cm. 
b. Site to run under current conditions (2014) and startup and use WCTI technology (April-October 
2015). 
i. Champaign, State Regional Office Building. 
1. Chiller is 200 tons. 
2. Currently operating at 1.5 to 2.5 COC. 
c. Evaluate the systems based on the WCTI specifications and performance goals. 
i. Water usage/savings. 
1. Gallons and Cost. 
ii. Cycles of concentration (COC) expected and attained. 
1. Metals including iron, copper, and zinc will be tracked.  
iii. Corrosion  
1. Silica will be measured. 
2. Corrosion rates will be determined using corrosion coupons. 
iv. Biological (Will be determined) 
1. ATP (a measure of total biological activity). 
2. Total aerobic bacteria. 
3. Total fungi. 
4. Legionella (Phigenics PVT Test) 
2. Determine general criteria for the economic use of this technology. 
a. Guidelines for towers that use chemical treatment, and are serviced by private vendor. 
b. Guidelines for towers that use state chemical treatment and are serviced by IWT. 
3. Identify possible regulations concerning the disposal of waste water. 
a.  Softener discharge 
b. Draining cooling tower. 
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Deposit Testing 
If deposits are found they will be tested for all metals by ICP as well as loss of ignition. 
It is expected that deposits will be found in all cooling towers. 
  
Water Usage and Cost Savings  
1. WCTI Chicago location 
a. Historical records before WCTI system was installed. 
b. Previous years and current year when WCTI was in operation. 
2. Champaign location  
a. 2014 before WCTI system was installed. 
b. 2015 when WCTI is in operation. 
 
Softener and Cooling Tower Discharge Guidelines 
We will contact IEPA, EPA and various Sanitary and Waste districts to determine any regulations. 
 
At the end of this study, we expect to have a clear idea of the potential cost savings possible for various 
towers operating at various COC’s. 
 
Benefits of the Project and Deliverables 
 
Expected Results 
1. The towers will operate at between 50-100 COC. 
a. Scale, biological growth and corrosion will be minimal. 
b. Water usage by the cooling tower will be reduced as much as 66% compared to a tower 
operating at 1.5 COC.  
i. Water used to regenerate the softener will slightly reduce this percent savings. 
 
We will develop criteria for both state institutions using IWT services and facilities using private chemical 
vendors to determine the potential cost saving using the WCTI system. Water quality, present COC operation, 
tower tonnage and water usage will be used to determine feasibility of this technology. 
 
Quarterly reports will be delivered as well as a final report when all analysis is completed. 
 
Field Sampling Guidelines 
The water samples (1 L), from the facilities currently using WCTI technology will be mailed to ISWS once a 
month. The estimated shipping time is 1 to 3 days, the samples will not be refrigerated. When we receive the 
water samples, we will also collect the water samples from Champaign ROB.  
 
The following will be performed within 12 hours of receipt: ATP; bacteria; fungi; Legionella; p and m alkalinity; 
chloride; total hardness; calcium hardness (if total hardness is above 20 mg/L); pH; conductivity; free and total 
chlorine and preparation of the sample for ICP. The following will be performed within 4 days of receipt: 
ammonia; phosphate (total, inorganic and ortho); TDS, TSS, polymer, triazole, and silica. 
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Laboratory Guidelines 
A. WATER SAMPLES 
Sample Preparation 
Raw unfiltered samples will be used for all biological tests (ATP total (measures the sum of living and non-
living organisms), ATP free (measures non-live organisms), total aerobic bacteria, fungi, and Legionella), p and 
m-alkalinity, total hardness, calcium hardness, ammonia, pH, conductivity, free and total chlorine, total 
suspended solids and turbidity. If interference occurs or test method ranges are exceeded, samples will be 
diluted with Type 1 reagent-grade water for the following tests: P and m-alkalinity, chloride, total hardness, 
calcium hardness, ammonia, free and total chlorine. 
Samples which were vacuum filtered through a 0.45 micron mixed-cellulose ester filter will be used for 
chloride, silica monomer, total dissolved solids, polymer, benzotriazole/tolytriazole and inductively coupled 
plasma (ICP) analysis. If interference occurs or test method ranges are exceeded, samples will be diluted with 
Type 1 reagent-grade water for all of the previously mentioned tests with the exception of Total Dissolved 
Solids, which is determined with undiluted water. 
Analytical Methods for Water Samples 
Table G-1: Analytical Methods Related to Water Samples. 
ANALYTICAL PARAMETER METHOD OF ANALYSIS 
P and M-Alkalinity Standard Methods 2320 B.4b (2012) 
Chloride Standard Methods 4500-Cl- B (2012) 
Total Hardness Standard Methods 2340 C (2012) 
Calcium Hardness Standard Methods 3500-Ca B (2012) 
Magnesium Hardness (Calculation Method) Standard Methods 3500-Mg B (2012) 
Silica Monomer Hach Co. Method 8185, Silicomolybdate HR 
Ammonia Hach Co. Method 10000, Ion Selective Electrode 
pH SOP# IWT-13 pH, Electrometric (Modified from USEPA 
Method 150.1) 
Free and Total Chlorine LaMotte Dual-Range Chlorine Test Kit Code 3314-01 
(Modified from Standard Methods 4500-Cl G) 
Orthophosphate ASTM Method D515-B (1978) 
Poly Acrylic Acid (pAA) (Polymer) SOP# IWT-18 Poly Acrylic Acid Test in Water (Modified 
from Rohm and Haas Company Method)  
Benzotriazole/Tolytriazole Hach Co. Method 8079, UV Photolysis 
Total Dissolved Solids Dried at 180oC Standard Methods 2540 C (2012) 
Conductivity Standard Methods 2510 B (2012) 
Turbidity by Turbidimeter EPA Method 180.1 
Total Suspended Solids Dried at 103-105oC Standard Methods 2540 D (2012) 
ATP (adenosine triphosphate) Total (measures 
living + non-living) 
Hygiena, LLC Cooling Tower ATP Application Note 
ATP (adenosine triphosphate) Free (measures only 
non-living) 
Hygiena, LLC Cooling Tower ATP Application Note 
Bacteria and Fungi Biosan Laboratories Sani-Check®BF Directions for Use 
Legionella Phygenics, LLC PVT Test Instructions 
Inductively Coupled Plasma (ICP) analysis for 
metals including sulfur and total phosphorus 
ISWS SOP # ACTU-5 (Based on US EPA Method 200.7) 
 
Make-Up Water Total Volume Use (Water Meter) AWWA C700 
ICP Metals, without digestion, matrix-matched: (Based on US EPA Method 200.7) 
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Metals analyses are performed using a Varian Vista Pro CCD simultaneous inductively coupled plasma optical 
emission spectrometer (radial torch configuration) with an SPS 3 autosampler. Samples are nebulized for 
transport into the radio frequency ICP, where each of the 30 elements emits a specific spectrum. Wavelength 
intensities are measured by the photosensitive CCD micro-chip, and data is computed and stored with the ICP 
Expert computer software. 
Procedures: 
1) An aliquot of a well-mixed, homogeneous aqueous or solid sample is accurately weighed or measured 
for sample processing. For total recoverable analysis of a solid or an aqueous sample containing 
undissolved material, analytes are first solubilized by gentle refluxing with nitric and hydrochloric acids, 
or heated with these acids under pressure using microwave digestion techniques. After cooling, the 
sample is made up to volume, mixed and/or centrifuged, then filtered or allowed to settle overnight 
prior to analysis. For the determination of dissolved analytes in a filtered aqueous sample aliquot, or 
for the "direct analysis" total recoverable determination of analytes in drinking water where sample 
turbidity is <1 NTU, the sample is made ready for analysis by the appropriate addition of nitric acid, and 
then diluted to a predetermined volume and mixed before analysis. A minimum of 50 mL of sample is 
necessary for the digestion step and a minimum of 5 mL is necessary for sample analysis. 
 
2)  The analysis described in this method involves multi-elemental determinations by ICP-AES using a 
simultaneous instrument with a radial torch configuration. The instrument measures characteristic 
atomic-line emission spectra by optical spectrometry. Samples are nebulized along with Yttrium 
internal standard, and the resulting aerosol is transported to the plasma torch. Element specific 
emission spectra are produced by a radio-frequency inductively coupled plasma. The spectra are 
dispersed by a CaF2 prism cross disperser and echelle grating, then the intensities of the line spectra 
are monitored at specific wavelengths by a CCD detector with I-MAP technology (detector exactly 
matched to the image of the echelle optics). Photons hit the detector pixels and produce electrons 
which fill the pixels proportionally to the intensity of the light. Data are collected, stored and processed 
by a computer system. A background correction technique (included in the software) is required to 
compensate for variable background contribution to the determination of the analytes. Background 
must be measured adjacent to the analyte wavelength during analysis. Various interferences must be 
considered and addressed appropriately as discussed in Sections 4, 7, 9, 10, and 11. 
 
3)  Standards of known concentrations are used to construct calibration curves from which the 
concentrations of the unknown analytes are calculated. Standard concentrations are measured as 
mg/L, ranging from 0.01 to 1000 mg/L, actual sensitivities being element dependent. 
 
B. CORROSION TEST COUPONS 
Sample Preparation 
Corrosion coupons will be prepared by the supplier, Metal Samples®, with a glass bead finish by blasting the 
surfaces with a fine glass beads to remove mill scale. 
Analytical Methods 
Corrosion coupons will be processed according to ASTM G1, “Standard Practice for Preparing, Cleaning, and 
Evaluating Corrosion Test Specimens”. 
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C. CALIBRATION PROCEDURES 
Calibration frequency and standards for methods that require calibration are listed in the table below. 
Table G-2 Calibration Frequency and Standards for Analytical Tests. 
PARAMETER CALIBRATION FREQUENCY CALIBRATION STANDARDS 
Silica Monomer Prior to each run, a Standard 
Solution will be analyzed and the 
calibration slope will be adjusted 
50.0 mg/L as SiO2 
Ammonia ISE Prior to each run 0.129, 1.29, and 12.9 mg/L as NH4+ 
pH Prior to each run pH 7 and pH 10 Buffers 
Orthophosphate Prior to each run 3.00, 6.00, 10.0, 15.0, 20.0 mg/L as 
Orthophosphate 
Poly Acrylic Acid (pAA) (Polymer) Prior to each run 5.0, 10.0, 15.0, 20.0, 25.0, and 30.0 
mg/L as Acumer™ 3100 terpolymer 
Conductivity Prior to each run 1412 microsiemens/cm potassium 
chloride 
Turbidity by Turbidimeter Not calibrated, but checked with 
secondary standards before each 
run. If secondary standards results 
are unacceptable, then the 
instrument will be calibrated with 
Formazin standards. 
6, 48, and 490 NTU 
Gelex Secondary Turbidity 
Standards used for calibration 
check 
ATP (adenosine triphosphate) Total 
(measures living + non-living) 
Instrument will be zeroed prior to 
each run, and the zero level will be 
checked prior to each sample  
Hygiena unused and unactiviated 
ATP Total test swab 
ATP (adenosine triphosphate) Free 
(measures only non-living) 
Instrument will be zeroed prior to 
each run, and the zero level will be 
checked prior to each sample 
Hygiena unused and unactiviated 
ATP Free test swab 
Analytical Balance, 0.0001 g 
resolution 
Daily Internal Calibration (automatic 
procedure) 
Inductively Coupled Plasma (ICP) 
analysis 
At the beginning of each run Per ISWS SOP # ACTU-5 
 
IV. DATA QUALITY, PRECISION, ACCURACY, AND BIAS 
The data quality must be sufficient to determine acceptable or unacceptable performance of the zero blow 
down cooling towers with respect to corrosion, control of biological growths, chemical scaling, and make-up 
water use. The water use data quality must be sufficient to determine the economic applicability of the WCTI 
treatment technology. Data quality objectives in Table G-3 are subject to change because specific analytical 
techniques for use on cycled up zero-blowdown cooling tower water have not yet been received from WCTI. 
V. QUALITY CONTROL 
In general, one lab duplicate will be analyzed for every 10 samples. One matrix spike will be analyzed for every 
20 samples. A method blank will be analyzed at the beginning of each set of samples. Quality control check 
samples will be analyzed as appropriate for each test method. Extensive quality control procedures will be 
implemented for ICP analysis according to ISWS SOP # ACTU-5 (Based on US EPA Method 200.7). Other quality 
control procedures will be written in more detail after information on specific analytical techniques for zero-
blowdown tower water is received from WCTI. 
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Table G-3: Data Quality Objectives Precision, Accuracy, Quantitation Limits. 
Measurement Reporting Units QL Precision 
(RPD)a 
Accuracyb 
(% Recovery) 
P and M-Alkalinity (Titration) mg/L as CaCO3 5 20 85 – 115c 
Chloride (Titration) mg/L 5 20 70 - 130 
Total Hardness (Titration) mg/L as CaCO3 1.0 20 70 - 130 
Calcium Hardness (Titration) mg/L as CaCO3 5 60 60 - 140 
Silica Monomer mg/L as SiO2 2 20 75 - 125 
Ammonia mg/L as NH4+ 0.2 30 70 – 130 
pH pH units - 0.2 pH Units +/- 0.1 pH Unitsd 
Free and Total Chlorine ppm Cl2 0.1 0.3 mg/L for the 0.1 – 
1.0 mg/L range; 
0.6 mg/L for the 1.0 – 
6.0 mg/L range 
+/- 0.2 mg/L 
for the 0.1-1.0 mg/L range; 
+/- 0.3 mg/L for the 1.0 – 6.0 
mg/L range 
Orthophosphate mg/L 0.3 20 85 - 115 
Poly Acrylic Acid (pAA) (Polymer) mg/L as Acumer 3100 terpolymer 
(or the specific polymer used in 
the tower) 
0.4 60 70 - 130 
Benzotriazole/Tolytriazole mg/L 1.0 20 85 - 115 
Total Dissolved Solids mg/L 50 20 75 - 125 
Conductivity µS/cm 20 10 +/- 5% of known QC standard 
Turbidity by Turbidimeter NTU 0.2 20 +/- 10% of known check 
standard 
Total Suspended Solids mg/L 10 25% RPD or +/- 3 
mg/L, whichever is 
higher 
75 – 125 for known QC 
standard 
ATP (adenosine triphosphate) 
Total 
RLU (from AMSA meter) 40 50 75 - 125 
ATP (adenosine triphosphate) 
Free 
RLU (from AMSA meter) 40 50 75 - 125 
Bacteria and Fungi cfu/mL 100 
(bacteria) 
10 (fungi) 
1000 “TNTC” on positive control, 
and 0 or less than QL for 
negative control 
Legionella cfu/mL Per 
Phigenics 
specs 
Per Phigenics specs Per Phigenics specs 
Inductively Coupled Plasma (ICP) 
analysis  
mg/L Varies w/ 
analyte  
20e 70 – 130 
Corrosion Rate (from Corrosion 
Coupon analysis) 
MPY TBDf TBD TBD 
Make-Up Water Total  
 
Volume Use (Water Meter) 
gallons - - 93 – 107 percent accuracy 
based on volume collection 
test 
a Relative Percent Difference (RPD) of laboratory duplicates 
b Percent Recovery of matrix spike 
c Percent recovery of Lab Fortified Blank (LFB) 
d Continuing Calibration Verification (CCV) 
e If LFB is biased high, and samples are < QL, can report. 
e Only if duplicate results > QL x 10 
f To Be Determined (TBD) 
 
